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FOOD  AND  HEALTH* 


Pro  lessor  J  o  s  ii  e 


l3y 

d  e  a  s  I  r  o,  Inslilule  ol'  Niilrilion,  Rio  de  .Janeiro 


riie  Fieneh  sociologist,  Fallier  .Joseph  Lebiel,  said  recenlly  that  in  view 
of  ils  luiinaii  iinjilicalioiis  hunger  has  been  the  greatest  discovery  of  Ihe 
hventielh  century.  Peiiiajis  it  would  be  better  to  say  “rediscovery’:  wilti 
llie  iinj)act  of  two  world  wars  and  Iheir  sinister  consequohces,  the  western 
world  rediscovered  the  phenoinenon  of  hunger,  which,  following  the  last 
famine  in  I:^urope,  had  lain  unknown,  forgotten  hy  the  civilized  world,  for 
more  than  a  century.  Nevertheless,  hunger  had  continued  to  exist  in  various 
continejils,  crushing  down  and  degiading  great  masses  of  people. 

Imr  a  long  lime  there  was  a  soid  of  lahoo  on  this  problem,  but  today  that 
taboo  is  broken.  World  conscience  has  awakened  to  its  Idack  reality  and 
dangerous  consequences.  Now  men  of  science  as  well  as  statesmen  have 
begun  to  lake  an  active  inleresl  in  analysing  and  understanding  more 
j)rofoundly  this  j)robleni  of  universal  hunger,  considered  both  by  a  scientist 
such  as  Lord  Royd  Orr  and  hy  a  politician  such  as  Harold  Wilson,  as  the 
gravest  and  most  urgent  ])robleni  facing  humanity. 

It  was  because  of  the  urgency  of  the  [uoblem  of  hunger  and  food,  and  the 
j)ressing  need  to  study  ils  biological,  economic  and  social  aspects,  in  order 
to  j)rovide  a  clear  idea  of  ils  com])lexily  and  ils  ])ossible  solutions,  that  it 
was  decided  to  devote  a  special  numbei- of  Science  and  Mankind,  ])ublished 
by  the  World  Fedeialion  of  Scientific  Workers,  to  the  problem  of  Hunger 
and  Pood.  1  he  aim  was  to  consider  the  problem  ol  hunger  as  the  most 
gcneialized  and  widespread  ol  all  diseases,  and  to  sludv  the  means  ]>oten- 
tially  available  to  science  for  coinballing  this  universal  evil. 

Ihe  most  modern  studies  in  social  medicine  have  demonstrated  that 
I  leie  IS  no  greater  inlluence  on  vital  equilibrium  and  maintenance  of  health 
evels  than  the  lood  lactor.  It  is  jierhaps  through  the  nutritional  link  that 
the  environment  —  soil  and  climate  -  even  though  indirecllv,  exerts  ils 

inosl  dcTiS'vc  '"ll.u."cc  «n  IJ.e  pl.ysical  vismii-,  . . .  capaoitv  an.l 

lesistance  to  disease  ol  human  groups.'* 

As  a  resull  al  long-, -0111111111.(1  ecological  leseaicli  il  lias  lieconie  clear  that 
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factor  in  the  development  of  disease,  or  I  might  say,  in  the  loss  of  vital 
equilibrium,  leaving  lor  the  other  contributors  a  more  detailed  analysis  of 
tlie  sul)ject,  as  they  take  uj)  its  various  specific  aspects.  My  purpose  is  only 
to  present  a  general  or  panoramic  view  of  the  problem,  and  to  analyse  the 
mechanism  by  wliich  alimentation  may  have  a  part  in  the  appearance  and 
evolution  of  human  diseases. 

If  we  examine  the  subject  objectively,  we  must  stress  the  fact  that  the 
food  factor  may  influence  the  balance  of  health,  causing,  contrilmting  to 
or  hastening  the  development  of  disease,  in  various  distinct  ways.  The  first 
possibility  is  Uiat  failures  or  defects  of  nutrition  may  j)rovoke  the  apj)ea- 
rance  of  primary  nutritional  syndromes,  also  called  deficiency  diseases, 
d'hese  deficiency  slates  may  aj)j)ear  in  their  typical  forms,  with  the  clear 
characteristics  of  clinical  syndromes,  such  as  pellagra,  heri-beri,  scurvy, 
])emicious  anaemia,  xerophthamia  etc.;  or  they  may  show  themselves  in 
mild  and  deceptive  forms  that  can  hardly  l)e  diagnosed  except  l)y  meUiods 
of  the  laboratory  or  of  experimental  medicine.  The  typical  clinical  forms, 
resulting  from  total  specific  deficiencies,  are  becoming  more  and  more  rare; 
they  are  limited  to  human  groups  subjected  to  extremely  precarious  nutri¬ 
tional  conditions.  As  a  basic  knowledge  of  nutrition  has  become  more 
widespread,  the  areas  of  heri-beri,  pellagra  and  scurvy  have  become  more 
and  more  restricted. 

If  on  the  one  hand  there  has  been  a  diminution  in  the  incidence  of  typical 
nutritional  deficiencies,  diseases  characteristic  of  the  pre-scientific  era  when 
no  one  knew  the  determining  factors  of  these  evils  that  cut  down  millions 
and  millions  of  lives  in  antiquity,  during  the  middle  ages,  and  even  up  to 
the  ])ast  century,  on  the  other  hand  there  has  been  no  reduction  —  under 
certain  aspects  and  in  certain  forms  there  seems  even  to  have  been  an 
increase  —  in  the  incidence  of  ])artial  deficiency  states  and  in  states  of 
nutritional  unbalance  that  lead  to  various  morbid  conditions  that  are  dif¬ 
ficult  to  characterize,  since  they  embrace  in  their  pathogeny  a  multiplicity  of 
specific  partial  deficiencies.^ 

d'his  is  one  of  the  most  tragic  chapters  of  nutritional  pathogenesis;  the 
hdiidden  hungers,  vague  in  theii’  characteristics  hut  capable  in  tact  of  reduc- 
^  ing  the  organism  to  a  state  of  relative  incapacity,  low  ])roducti\it\ ,  and 
lowered  resistance  to  a  whole  company  of  other  diseases  that  come  to  pre} 
on  the  weakened  organism. 

The  incidence  of  states  of  specific  hunger,  whether  in  typical  forms  or  m 
forms  of  partial  deficiency,  hidden  hunger,  according  to  figures  compded 
j/hy  the  United  Nations  Food  and  Agriculture  Organization,  includes  and 
I  affects  about  two  thirds  of  the  iiopulalion  of  the  world.  ,  ,  . 

Throughout  this  treatment  of  sjiecific  hungers  or  nutritional  deficiencies, 
defective  alimentation  is  the  predominatimj  factor  of  the  disease.  I  woutd 
not  want  to  say  the  determining  factor  hecairse  more  and  more,  in  the  tign 
of  modern  knowledge  of  jiliysiopathology,  the  evidence  indicates  that  de¬ 
rangements  of  health  are  generally  due  to  the  joint  action  of  a  number  o 
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factors,  some  hereditary,  others  ein  iromnental  in  nature,  some  predisposing, 
othei's  leading  directly  to  the  deiangement  in  question. 

The  truth  is  that  in  medicine,  as  in  the  field  of  the  social  and  geographic 
sciences,  we  must  he  more  and  more  ])rudent  in  speaking  of  determinism. 
A  more  approjuiate  concept  is  that  of  possibilism,  that  is,  the  action  of 
factors  that  make  possible  the  apiiearance  of  certain  phenomena,  whether 
biological  or  social.®  klven  in  this  group  of  deficiencies  where  some  spe¬ 
cialists  speak  of  a  clear  and  indisputahle  correlation  between  tlie  nutritional 
deficiency  factor  and  the  specific  syndrome  tliat  this  deficiency  determines, 
we  see  that  innumendile  other  factors  come  into  play  in  the  appearance  ol 
these  morbid  states.  We  must  take  account  of  the  surprising  fact,  for  in¬ 
stance,  that  in  certain  human  groups  with  serious  specific  deficiencies  the 
signs  of  such  deficiency  are  rare;  while  in  other  groups  with  relatively 
superior  diets,  deficiency  states  are  apparent  on  a  grand  scale.' 

'Fliis  may  be  explained  by  the  notion  of  nutritional  diseases  conditioned 
or  made  possibte  through  a  biological  possibilism.  Purely  theoretical  re¬ 
commendations  are  therefore  veiy^  precarious,  when  it  comes  to  setting  the 
same  artificial  levels  for  various  essential  food  elements  as  are  recommended 
for  different  gcogra])hical  areas  and  ofher  human  groups. 

Climatic  conditions,  working  conditions,  living  agents  of  the  biotic,  en¬ 
vironment,  even  the  psychic  conditions  of  human  groups  subjected  to  dif¬ 
ferent  types  ol  social  })ressures,  cun  determine  a  great  variability  in  the 
greater  or  lesser  resistance  of  tliese  human  groups  to  specific  alimentary 
deficiencies.  Eating  habits  themselves,  established  over  long  periods  and 
creating  a  sort  of  dynamic  balance  l)etween  the  organism  and  its  environ¬ 
ment,  produce  great  differences  in  the  specific  needs  of  the  organism  in 
different  geographical  areas,  and  greatly  influence  its  ahilitv  to  escape  more 
or  less  accentuated  sjiecific  deficiencies. 

In  this  matter  of  so-called  conditioned  nutritional  unbalance,  a  great 
deal  might  be  said,  but  1  will  not  go  into  details  which  are  dealt  with  in 
the  contributions  by  Professor  Van  En-fu  and  Dr.  Williams.  Merelv  as  an 
example,  I  would  mention  the  important  correlation  between  nutrition  and 
stress,  that  is,  the  ettort  of  adajitation  that  the  organism  makes  to  maintain 
Its  homeostasis  in  the  face  of  difficult  environmental  conditions.  All  the 
factors  that  may  interfere  in  this  way  with  the  digestion,  absorption  and 
utilization  ol  nutntmnal  principles,  or  that  may  intensify  their  destruction 
and  excietion  thereby  become  conditioning  factors  of  nutritional  defi¬ 
ciency,  even  though  the  diet  he  adequate.® 

Through  the  nicclianisui  of  tlie  so-called  a.ilagonisins  of  luilritional 
imuciples,  sludied  pi  inciijally  under  Ihe  heading  of  aniinoacids  aud\ita- 

I..,  ,1,  ,fc, iiiU4 
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logical  needs  of  oilier  princijiles,  and  if  Ihis  increase  is  not  satisfied,  a  de- 
licieiicv  appears.  Thus  a  diet  relatively  deficient  in  liisladine  becomes 
unbalanced  when  a  supplementary  dosage  of  lysine  is  increased;  a  sujiple- 
ment  of  valine  intensifies  a  piimary  deficiency  of  Ireouine,  and  so  on. 

The  action  of  certain  inactivating  agents  is  also  an  important  factor  in 
conditioned  deficiencies.  As  an  example,  I  will  limit  myself  to  citing  the 
coiislilulion  of  the  syndrome  of  Ibiaminasis,  which  often  results  from  the 
presence  in  the  intestine  of  certain  bacteria  such  as  Bacillus  Ihiamino- 
litioiis.'^'^  Victims  of  this  condition,  although  eating  normal  amounts  of 
vitamin  B^,  show  a  percentage  of  thiamin  in  the  blood  much  lower  than 
normal,  because  this  alimentary  principle  is  inactivated  in  the  intestinal 
tract  by  the  inactivating  bacillus  of  vitamin 

d'hese  two  examples  are  enough.  Here  I  merely  want  to  stress  that  in 
view  of  the  general  facts  cited,  although  I  do  not  consider  the  nutritional 
factor  as  the  exclusive  delcrmining  factor  of  this  grouj)  of  di.seases,  I  must 
nevertheless  consider  it  as  their  prcclominaling  factor.  I  must  also  stress 
the  fact  that  these  states  of  relative  deficiency  have  a  distribution  that  is 
veritaJjly  worldwide.  They  attack  not  only  the  populations  of  the  poorer 
and  less  developed  regions  of  the  world,  hut  also  populations  of  moderate 
or  average  development  and  the  poorer  groups  of  the  most  advanced  and 
industrialized  regions  of  the  world. 

There  is  a  second  grouj)  of  diseases  that  prefer  to  attack  the  populations 
of  the  world’s  underdeveloped  regions,  and  in  whose  pathogeny  diet  })arti- 
cipates  as  a  predis])Osing  factor,  an  advance  agent  to  prepare  the  ground, 
'khis  group  includes  the  so-called  mass  diseases,  which  fall  with  high  rates 
of  incidence  on  the  undernourished  and  relatively  deficient  groups  —  such 
as  tuberculosis,  Iracoma,  leprosy,  verminoses  and  other  gastro- intestinal 
parasitoses.  Although  all  these  diseases  have  a  specitic  pathogenic  agent, 
their  morbid  manifestations,  their  propagation  and  their  evolution  depend 
greatly  on  the  state  of  organic  resistance  of  human  groipis,  that  is,  on  their 
stale  of  nutrition.  In  certain  cases,  as  in  those  of  tuberculosis  and  le])rosy, 
although  knowledge  is  still  incoiiiplele  as  to  the  mechanism  by  which  the 
nutritional  factor  operates  and  as  to  exactly  what  deliciencies  ol  diet  are 
most  likely  to  predispose  the  organism  to  these  ills,  nevertheless  it  is  known 
that  a  deficiency  of  certain  essential  principles,  particularly  aminoacids  and 
vitamins,  interfering  with  the  mechanism  of  elal>oralion  of  the  enzymatic 
systems  essential  to  cellular  activity,  reduces  ipso  facto  the  resistance  of 
tile  cells  to  toxic  agents  ot  all  soils.  In  the  discussion  of  the  nuliilional 
factor  in  the  struggle  against  tuberculosis,  we  will  analyse  this  subject 

further.  .  .  r-  j  i  f 

In  other  cases,  as  in  ancylostomiasis  and  schislosomiosis,  we  find  that 

the  clinical  syndrome  reflects  a  deliciency  slate  rather  than  a  toxic  oi  des- 
jioiling  parasitosis,  since  siiujile  parasitic  inlestalion  in  individuals  thal^aie 
well  nourished  jiroduces  hardly  any  morbid  symptoms  of  importance.  As 
we  study  this  grouj)  of  mass  diseases,  we  must  stress  the  importance  of  this 
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inure  iiuKlerii  knowledge  of  nulrition  anti  lorinulale  a  new  jne\enli\e 
dic.ine  for  Ihese  evils:  the  allaek  on  Ihem  Ihrough  processes  ol  nonsjiccific 
])roi)hylaxis,  lhal  is,  by  increasing  organic  resistance  through  the  use  ol 
good  diet;  hy  coiTecting  the  inoj-e  serious  dietary  deficiencies  and  hy  re¬ 
moving  their  more  striking  anomaliesx 

riiere  is  still  another  chapter  of  jiathology  in  which  the  inlluence  ol  the 
food  factor  has  been  unequivocally  demonstraled:  that  ol  the  degenerative 
diseases.  While  the  other  two  groups  ol  diseases  so  lar  analysed  attack 
underdeveloped  human  groups  and  p'0])ulations,  the  poor  and  the  hungry, 
the  degenerative  diseases  show  the  highest  incidence  in  the  regions  with 
a  higher  standard  of  living,  in  the  well  developed  and  industrialized  areas 
of  the  world,  where  nutrilional  conditions  are  ajiparently  good.  Although 
other  groiijis  of  diseases  are  quantitatively  more  widely  disseminated  than 
the  degenerative  diseases,  there  are  various  reasons  why  the  nutritionists 
should  he  concentrating  with  such  interest  at  the  moment,  in  finding  out 
the  mechanism  hy  which  diet  influences  the  a})])earancc  of  the  degenerative 
diseases,  particularly  arteriosclerosis  and  degenerative  heart  diseases,  whose 
incidence  in  certain  regions  of  the  world,  far  from  diminishing,  seems  to 
he  on  the  increase. 

On  this  jjoint,  it  is  sullicient  to  note  wliat  is  haj)pening  in  the  United 
Slates  ol  America.  In  lhal  country,  as  in  olhei’  that  are  well  developed, 
there  has  been  an  enormous  dro])  in  mortality  fiom  infectious  diseases  and 
Iroin  nutritional  deficiencies,  thanks  to  the  use  of  aiilihiolics  and  ofhei' 
chemofherapeutic  products  and  thanks  to  an  improvement  in  the  dielarv 
conditions  of  the  people.  The  fact  is,  nevertheless,  that  average  length  ()f 
lile  has  not  increased  signilicanlly  because  ol  the  continuing  high  mor¬ 
tality  index  tixmi  degeneialive  diseases,  pailicularly  cardm-renal  ills.’-^ 

Ihiis  the  mortality  for  the  age  grnu])  of  men  of  55,  according  to  data  from 
Ancel  Keys,  whicli  was  2TS  in  1925,  was  19-4  in  1950  —  a  truly  insignificant 
reduction.  Ihis  deiiressing  result  is  due  to  the  fact  lhal  in  this  period  heart 
diseases  ro.se  Irom  4-5  to  8-6  in  the  same  age  group.  So  it  can  he  seen  lhal 
la  higher  morlahly  rale  lUr  degenerative  diseases  cannot  he  allrihuled  to 
I  .  Icmgth  ol  life  is  greater  in  the  well  devehqied  countries.  44iis 

I  IS  still  Imlhei  confirmed  hy  ohservalions  such  as  those  made  liv  Aschoff 
uiing  lie  hrsl  \\  odd  War,  and  hy  other  more  recent  studies  carried  oui 
In  Amencan  [lalhologisls  on  soldiers  killed  in  Korea,  hofh  of  which  de- 

Inri  u  fls  T,  alive  di.soases  eve.  1  v  ,u  „ 

.  rndnicluaK,  U.cie  is  also  II, e  lad  Dial  man  is  II, e  only  animal  in  xvl.ii'f: 

ai  eiiosclenisis  occurs  s|>(>„laneously,  which  seems  lo  suai-est  lhal  some 

I  hrough  modern  hiociiemical  studies 
alleralions  takes  jilace,  parlicularlv  --- 
;  dial  It  IS  possible  lo  induce  arlerioWderol 
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les  It  has  been  found  lhal  a  series  of 
ally  111  the  held  of  lipoid  melaholisni;  also 
no.rlrMni,t*  changes  in  rahhils  and  chickens 
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by  means  oi  a  diet  excessive  in  cholesleiol.  All  of  Ibis  indicates  the  great 
inllnence  that  the  lood  factor  must  have  in  causing  this  disease;  the  use 
O'!  an  unbalanced  diet,  excessive  as  regards  certain  components. 

A  certain  correlation  was  established  some  time  ago  between  obesity 
induced  by  alimentary  excesses  and  degenerative  heart  diseases.  Unfor¬ 
tunately,  in  sj)ite  of  a  whole  series  of  studies  carried  out  by  the  most  leliable 
centres  of  experimental  research,  in  spite  of  the  investigations  made  on  all 
sides,  we  have  not  yet  today  any  clear  idea  of  the  mechanism  of  correlation 
between  nutritional  disturbances  and  arteriosclerosis,  as  may  be  seen  from 
the  report  of  the  Symi>osium  held  in  1956,  in  Minneapolis,  U.S.A.  under  the 
direction  of  the  United  States  physiologist  Ancel  Keys,  one  of  the  leading 
workers  in  this  field  of  study. 

There  has  not  even  been  any  clear  and  categorical  confirmation  of  a  cor¬ 
relation  between  levels  of  cholesterolemia  and  the  incidence  or  severity  of 
arteriosclerotic  lesions.  The  conclusion  has  been  reached  that  no  con-elation 
exists  between  the  absolute  concentration  of  cholesterol  in  the  plasma  and 
the  severity  of  the  lesions,  even  in  experimental  animals.  The  phenomenon 
seems  rather  to  depend  on  the  association  of  these  lipoids  with  the  proteins 
of  the  plasma.  Thanks  to  the  study  of  Barr,^^  it  was  found  that  in  animals 
developing  ateroma  the  distribution  of  cholesterol  between  the  alpha-lipo¬ 
proteins  and  the  beta-lipo-proteins  is  similar  to  that  existing  normally  in 
man,  and  differs  greatly  from  the  distribution  found  in  the  contiol  animals. 
In  both  rabbits  and  dogs  with  ateroma  the  greater  part  of  the  plasmatic 
cholesterol  appears  associated  with  the  beta-lipo-proteins,  an  inversion  of 
the  situation  existing  in  normal  animals. 

This  goes  some  way  to  show  that  the  metabolic  change  that  is  the  basis 
of  arteriosclerosis  de})ends  not  only  on  fat  metabolism,  but  also  on  protein 

metabolism.  ^  •  •  u 

It  is  therefore  seen  that  in  spite  of  the  obscure  points,  a  bright  white  light 
is  projected  in  the  field  of  nutrition,  revealing  the  undeniable  fact  that  the 
types  of  diet  used  in  the  well  developed  countries  are  a  long  way  from  ideal. 

In  an  interesting  study  published  in  Nutrition  Review,  Erschoff  had 
alreadv  asked  what  an  ideal  diet  might  be.  The  following  words  are  his: 
“M7?o/  is  an  ideal  diet?  Can  this  question  he  answered  without  a  clearlij 
formulated  philosopluj  as  to  what  we  wish  to  accomplish  with  our  own 
life  and  that  of  future  generations?  Is  the  ddeaV  diet  one  that  promotes  the 
most  rapid  growth,  or  longest  survival,  or  greatest  freedom  from  diseases, 
or  the  greatest  capacity  to  survive  unfavourable  environmental  conditions, 
or  exposure  to  radiation?  Is  the  ‘idcaV  diet  one  that  best  promotes  fertility 
or  mental  development  and  productivity  or  is  most  effective  in  maintaining 
physical  exertion  or  emotional  stability?  Be  have  no  assurance  tha  these 
objectives  are  compatible.  On  Ihe  contrary  there  is  good  evidence  that  a 

least  some  of  them  are  nor 

It  is  further  seen  that  these  types  of  diet  are  inducing  a  serious  ‘\bohc 
upset  that  is  becoming  one  of  the  most  serious  evils  to  assail  the  most  hiphh 
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developed  pail  of  liuniaiiily  in  our  days.  There  is  a  grave  danger  that  mus 
be  iioinled  out.  1 1  is  lhal  in  Ihe  name  of  science,  luilrilional  pallerns  oi  Uie 
,,  considered  arliilrarily  as  ideal,  are  being  implanled  among 
pojnilations,  where  degeneralive  diseases  are  much  more 
riic  danger  is  Ibat  the  areas  of  degeneralive 


he  1)0  in 

richer  regions,  - 

underdeveloped  poi)nlations,  where  degeneralive  diseases  are 
rare.  The  danger  is  Ihat  the  areas  of  degeneralive  diseases  may  Urns  be 

spread  throughoul  the  world.  This  is  one  v,x  — ..  — i - - - 

men  of  science  at  the  present  moment:  they  must  lie  careful  about  presci  ibmg 
certain  teachings  that  do  not  yet  have  a  sullicienlly  solid  scientific  base, 
dims  they  niav  prevent,  in  the  field  of  nutrition,  what  has  happened  in 
the  past  as  regards  clothing,  housing  and  \vork  customs  through  the  precepts 


the  field  of  nutrition,  what  has  happened  m 
me  pusi  aa  ic^ciina  l  1^/1111115,  iiousing  and  \vork  customs  through  the  i)recepts 
of  a  hardly  scientific  hygiene  which  imposed  on  the  primitive  populations 
of  the  world  a  way  of  life  which,  far  from  imiiroving  their  health  coiiidi- 
tions,  almost  wiped  them  out  completely. 

A  concentration  of  forces  is  required,  then,  to  clarify  this  question  of 


the  degenerative  diseases.  Once  a  majority  of  the  infectious-contagious 
diseases  have  been  controlled  and  the  slates  of  deficiency  and  hunger  in 
the  underdeveloped  regions  removed  by  means  of  appropriate  economic 
development,  we  must  still  find  out  how  to  act  to  give  efficient  battle  to 
the  degenerative  diseases,  which  day  by  day  are  becoming  the  principal 
cause  of  death  among  the  world’s  best  developed  populations. 

I  have  set  forth  in  suimnarv  form  some  of  the  aspects  that  seem  most 
signilicant  as  regards  the  influence  of  diet  on  group  health.  On  this  basis 
plans  of  world  food  policy  might  he  drawn  up  whicli,  if  established  on 
a  rational  and  scientific  basis,  could  lead  to  the  elevation  of  present  health 
levels.  It  will  thereby  be  possible  to  j)romofe  a  social  and  economic  develoj)  - 
ment  of  the  world  that  is  more  balanced  and  harmonious,  and  that  could 
well  lead  to  an  era  of  true  peace  and  prosperity  for  all  humanity. 

In  the  various  articles  that  make  up  this  volume  on  the  problem  of 
Hunger  and  Food  many  aspects  of  the  (pieslion  wall  be  taken  up,  together 
with  their  relations  \vilh  other  pertinent  problems,  so  as  to  give  an  idea 
of  their  combined  bio-social  reality. 

Loid  Boyd  Oir,  holder  of  the  Nobel  Peace  Prize  and  the  first  Director 
General  of  the  FAO,  shows  in  a  clear  and  objective  article  all  the  significance 
of  the  conlrihulion  of  science  in  the  formation  of  modern  socielv,  as  well  as 
the  great  hopes  that  should  be  placed  in  the  rational  application  of  scientific 
achievements  for  the  well-being  of  humanity. 

In  a  cold  and  impartial  analysis,  Professorr  Th.  Roerner  then  shows  how 
the  problems  resulting  from  the  classical  Malhusian  biomial  —  food  and 

McwQd  in  the  light  of  i)resent-day  scientific  know- 
edge.  Pi  olessor  Michel  Cepede,  of  the  Inslilul  Agronomique  de  Paris 

^ ^^1  economic  asiiecls  of  the  world  food  sih.niinn’ 

emphasizing  llie  urgent  necessilv  to  formulate 
capable  ol  jiroviding  mankind  \vi 
healthy  and  balanced  life. 

One  of  Ihc  run.lainental  |>.ol,Jeins  of  the  foo<l  sciences  lias  to  ,Io  with 


a  new  economic  approach 
111  the  lood  resources  necessary  for 


a 


11 


llie  relalions  bclween  man  and  Ihe  soil;  lliis  is  very  ci'leclivelv  laken 


up 


1)\  llio  North  American  Piolcssor  I'innan  K.  Bear  ol  Bulgers  I  niversilv. 
His  Nvork  makes  clear  the  imporlance  of  the  health  of  the  soil  for  tliel 
health  of  human  groups,  and  the  necessity  of  a  more  effective  irolicv  for 
protecting  natural  resources  for  the  benefit  of  future  generations.  ( 

Prolessor  Bene  Dinnonl,  also  ol  the  Inslilul  Agronoinicjue  de  Pai  is  and 
author  ol  universally  acclaimed  hooks  on  agiicullural  j)rohlems,  writes  onj 
the  aiyplication  of  modern  agricultural  lechnitjues  in  the  struggle  against* 
hunger.  After  analysing  how  agriculture  transforms  and  makes  arlificiah 
the  natural  environment,  he  writes  of  the  immense  possibilities,  as  well* 
as  of  the  tremendous  reciuireinenls,  of  modern  agriculture.  His  article, 
which  is  a  kind  of  l)rief  code  of  behaviour  for  the  farmer,  also  recommendst 
measures  for  renewing  fertility  and  meticulous  jyrudence  in  managing 
the  natural  wealth  of  the  soil.  (j 

With  a  broad  humanistic  view  of  world  nutritional  problems,  M.  ,1.  M. 
Galheron,  author  of  one  of  the  most  lucid  essays  on  the  drama  of  universaljj 
hunger,  entitled  “Le  Pain  el  I’Or”,  makes  a  coinlrihulion  of  ineslimahlc 
value  on  a  subject  that  is  much  discussed  and  almost  always  distorted  by,, 
jyolilical  imjylicalion  —  the  jyrohlem  of  agrarian  sliuclure.  * 

(Chinese  scientist,  Professor  Vang  En-fu  of  Peking  University,  jyresenls 
a  rej)orl  on  the  jyresenl  levels  of  nulrilioii  of  the  (Chinese  j)eoj)le,  with  LheirC 
cereal-hased  diets. 

Dr.  Cicely  I).  Williams  of  London  presents  clearly  and  concisely  IheJ 
j)rincij)al  effects  of  unbalanced  diets  on  the  nutrition  of  human  groups. 

The  Director  of  the  Insliluleof  Human  Xulrilion  of  Prague,  Dr.  J.  Masek,j 
has  taken  uj)  the  jyroblem  of  hunger  as  a  cause  of  disease,  analysing  the 
problem  in  the  light  of  universal  Imowledge  and  of  his  own  jiersonah 
experience  in  a  country  with  socialist  econoinic  structure. 

d'he  Argentine  tnherculosis  specialist  Dj’.  Ejyilanio  Palermo  olfers  a  docu¬ 
mentary  study  of  the  corielalions  that  can  he  shown  in  his  country  helNNcenJ 
nutritional  levels  and  the  incidence  of  tuberculosis,  conlirming  our  state¬ 
ment  that  hunger  and  malnutrition  are  laclors  ot  gieat  imjyorlance  in  Ihej 
appearance  and  evolution  ol  the  .so-called  mass  diseases. 

Closing  this  svmposium,  in  which  the  problem  of  alimentation  andj 
hunger  is  studied  1)V  distinguished  siyecialisls,  we  i)resenl  a  work  of  the 
Soviet  Professors  A.‘L.  Kursanov  and  A.  A.  Xichiporovich  on  the  prohlenp 
of  ])h(ylosynlhesis,  whose  secret  has  continued  until  today  to  del\  Ihi 
astuteness  of  scientists,  and  ujkhi  which,  in  the  linal  analysis,  all  huinan^ 
life  depends.  Tliese  two  scientists  from  the  Institute  ol  Plant  Physiolog>« 
of  the  Academy  of  Sciences  of  the  U.S.S.B.  slre.ss  the  scientific  efforts  that 
are  being  made  to  achieve  artificial  photosynthesis,  as  a  jyraclical  way  oL 

bringing  abundance  to  our  lami.shed  world.  i  . 

With  the  presenlalion  of  these  articles  it  cannot  he  .said  that  any  delimtive;; 
conclusion  has  been  reached.  However,  we  believe  that  carelul  Ihoughl  on 
the  themes  analv.sed  here  will  greatly  facilitate  the  understanding  ol  Ihi-S, 
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lextreiiiely  vast  ajul  complex  ])rol)leni.  ^^’e  Iriisl  our  symposium  will  be 
useful  lo  all  those  who  wish  in  some  way  to  parlici])ate  in  this  universal 
|crusa(le  which  is  inescapahle  in  view  ot  the  circumstajices  [)resenled  that 
is,  in  the  universal  crusade  of  struggle  against  hunger. 

I 
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Tin:  IMPACT  OF  SCIENCE  ON  HUMAN  SOCIETY 

i>y 

Lord  Boyd  Orr,  Scotland 


The  treiiiendous  new  forces  which  science  has  let  loose  have  shaken  the 
structure  of  human  society  to  its  foundations  with  the  result  that  we  are 
living  in  a  rapidly  changing  world.  Some  think  that  the  change  is  for  the 
worse,  that  the  nineteenth  century  was  the  golden  age  of  our  civilization, 
which  is  now  doomed.  Others  believe  that  the  convulsive  clianges  now 
taking  place  are  the  birth  pangs  of  a  wonderful  new  age  in  which  the 
human  family  will  rise  to  a  higher  level  of  physical  and  cultural  wellbeing 
than  the  most  optimistic  social  reformer  of  the  last  century  thought  possible. 

While  even  the  wisest  cannot  foresee  the  outcome  of  the  present  transi¬ 
tional  phase,  we  can  consider  the  nature  of  the  changes  and  speculate  on 
how  the  new  powers  which  are  causing  the  changes  could  be  harnessed 
to  serve  mankind. 


The  hydrogen  bomb  —  freedom  from  war 


A  revolutionary  political  change  has  been  brought  about  by  the  H-bomb. 
Since  the  begiiming  of  recorded  history  nations  settled  their  conflicting 
interests  by  war  or  l)y  "negotiating  from  strength  which  enabled  the  more 
powerful  to  dominate  the  weaker  without  fighting.  Now  the  two  most 
j)owerful  nations  have  H-bombs  and  a  war  in  which  these  were  used  would 
involve  ihutual  annihilation.  Some  Americans  blamed  M  estern  Euiopean 
nations  for  “dragging  their  feet”  in  rearmament.  1  he  people  of  all  European 
nations  were  “dragging  their  feet”  because  they  feared  that  in  a  war  between 
i:ast  and  West,  Europe  would  be  the  centre  of  the  si)reading  death  and 
destruction  and  they  were  not  i)repared  to  die  or  make  the  world  safer 
for  either  Communism  or  Capitalism.  Now  these  instruments  of  death  can 
be  delivered  across  the  Atlantic.  In  a  recent  civil  defence  exercise  m  the 
United  States  it  was  estimated  that  if  it  had  really  been  the  outbreak  ot 
war  many  millions  would  have  been  killed  and  many  cities  b  asted.  Ihe 
people  of  America  are  now  inclined  to  “drag  their  feet  as  also  aie  the 
people  of  the  IbS.S.R.  who  suffered  more  in  the  last  war  than  any  othei 

*’^Whne  the^fear  of  massive  reprisal  with  the  H-bomh  is  the 
deterrent  to  war,  the  permanent  deterrent  may  be  the  aeroplane.  Rapidly 
h^oLsing  mnnbers  J  peo,,le  a.e  now  'isiling  foreign  cou.Unes  m  a  wo 
way  Iraffic,  even  Irelween  couniries  engaged  in  llie  incsent  ^  , 

are^finding  onl  thal  llic  iieoplc  in  Ihe  coniUnes  Ihey  \isil  “j.®  1*“'  . ' 
like  llieinselves,  wilh  llie  same  interesls,  Ihe  same  liopes  and  feais.  1 
lalion  ol  ihe  common  people  of  Hie  world  will  make  il  meieasingly  ditl.cnll 


14 


for  any  govenimenl,  however  war-minded,  lo  get  its  i)eople  to  go  to  wai. 
Governments  now  realize  that  war  or  the  threat  of  war  can  no  longer  he 
used  as  the  last  instrument  of  diplomacy.  Even  negotiating  from  strength 
begins  to  look  silly  because  no  nation  can  use  its  strength  without  itsell  being 
destroyed  by  massive  retaliation.  They  now  see  the  truth  of  Allred  Nobel  s 
prophecv,  that  science  would  produce  such  powerful  weapons  that  a  majoi 
war  would  be  impossible  without  the  complete  destruction  of  our  civiliza¬ 
tion.  Hence  they  are  now  talking  of  peaceful  co-existence.  Ihe  cold  war 
is  now  thawing.  The  virulent  propaganda  of  fear  and  hate  to  foment  a  war 
neurosis  is  beginning  to  be  replaced  by  occasional  compliments.  Holland 
has  recently  sent  to  the  U.S.S.R.  the  gift  of  a  great  quantity  of  flowers  and 
thousands  of  tulip  and  hyacinth  bulbs  for  Moscow’s  public  parks.  Ihe 
H-bomb,  by  malving  a  successful  major  war  impossible,  will  put  an  end 
to  power  politics. 

The  struggle  for  world  supremacy  will  be  replaced  by  the  co-operation 
of  nations  for  their  mutual  benefit  under  some  sort  of  world  government 
with  an  effective  Court  of  Justice  and  a  World  Police  Force  to  enforce  its 
decision.  This  will  enable  nations  to  reduce  the  crushing  burden  of  arma¬ 
ments  now  costing  the  people  of  the  world  120  000  million  dollars  a  year. 
This  change  is  difficult  and  will  lake  time  because  it  involves  an  entirely 
new  conception  of  the  role  of  politics  and  is  resisted  by  men  trained  in  the 
old  diplomacy.  But  the  new  era  of  international  co-operation  has  already 
dawned.  Though  the  League  of  Nations  —  hailed  with  hope  by  the  people 
ol  the  world  —  was  killed  by  the  old  diplomacy,  it  had  to  be  replaced  by 
the  United  Nations  which  is  a  better  organization  because  it  has  specialized 
agencies  through  which  all  nations  can  co-operate  to  get  modern  science 
appied  to  the  promotion  of  the  welfare  of  all  mankind.  Let  us  consider 

what  the  co-operation  of  all  nations  for  this  great  objective  coiild  accom¬ 
plish. 


Modern  lechiwloijij  —  freedom  from  want 

J'he  advance  of  science  and  technology  which  enabled  man  to  produce 
the  H-  boinh  has  also  enabled  him  to  produce  an  abundance  of  everything 
he  needs  tor  a  lull  life.  In  the  United  States  and  Canada  which  were  outside 
the  battle  area  the  pre-war  industrial  potential  was  doubled  during  the 
\Nar  when  there  was  a  remunerative  market  for  all  that  could  be  iiroduced. 
miopean  nations  have  repaired  their  war  damage  and  are  now  increasin'^ 
as  fast  as  the  United  Slates.  J'heir  production  is  now  already 
hO  pel  cent  above  the  pre-war  level.  The  power  to  iiroduce  is  so  '^reat  tlnf 
■n  spue  at  ,l,e  dcsUuclion  of  ll,e  last  wal  and  ll^Jlfct  that  sin™  the  li  ar 

slanlTrd  of  r  IxHenlial  has  been  devoted  to  annanients  the 

andaid  of  liyng  m  tlie  industnahzed  countries  is  Ijigoer  than  liefore  tlie 
var.  In  the  United  Kingdom,  thougli  more  tlian  a  thiial  Ihe  ,  a Uonal 
cMmic  IS  licmg  devoted  to  preparation  for  war,  tl.e  Cliancellor  of  thl  Ex- 
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,  1  I  -  - 

ces  of  a  vast  conlinenl,  ils  developiiienl  has  l)een  most  rapid.  Gounlries  ^ 
were  formerly  conlenl  to  be  primary  produeer.s  supplying  the  rich  n 
rialized  counlries  of  Western  Euroj)e  with  raw  material  are  now 


chequer  has  predicted  that  the  standai'd  of  living  will  be  doubled  in  the 
next  twenty-five  years. 

The  use  of  the  power-driven  machine  to  rejrlace  human  and  animal 
muscle  and  increase  output  per  man  is  no  longer  confined  almost  exclusi¬ 
vely  to  ^^'estern  Euroj)e  where  the  industrial  mechanical  revolution  began, 
and  in  North  America,  owing  to  the  shortage  of  labour  in  ])ioportion  to  the 
resources  of  a 
which 

industr . .  .  .  . .  . . .  ..  . . 

bent  on  enjoying  the  fruits  of  industrialization  and  even  food  deficit  coun¬ 
tries  are  sacrificing  agriculture  to  industry  as  Phigland  did  in  the  nineteenth 
centurv.  d'he  industrial  jrotential  of  the  l\S.S.R.  is  now  thought  by  some 
to  be  nearly  equal  to  that  of  the  whole  of  Western  Europe.  Last  year  in  New 
Zealand  manufacturing  indusliy  contributed  £  2  700  000  more  to  the 
national  income  than  farming. 

Industrialization  is  also  taking  j)lace  in  Australia  and  Argentina,  and 
Ellina,  India  and  Pakistan  now  have  similar  amhitious  five-year  develop¬ 
ment  plans  which  in  most  cases  are  reaching  their  targets,  ddiere  is  no  reason 
to  siqipose  that  China,  India  and  Pakistan  which  have  won  their  freedom  ] 
will  not  be  able  to  develop  their  industries  as  rapidly  as  did  Japan  which, 
until  its  defeat  in  the  last  war,  was  never  conquered  and  controlled  by  one  j 
of  the  Western  Powers.  In  that  case,  with  the  industrial  capacity  of  these 
countries  with  their  huge  population  added  to  that  ol  Western  countiies,  , 
the  total  world  power  to  jiroduce  goods  will,  in  the  near  future,  be  enormous.  < 

J’here  is  now  almost  no  practical  limit  to  the  power  to  })roduce  real  wealth.  , 
In  the  last  resort  rate  of  production  depends  on  energy.  It  was  the  energy  i 
of  coal  and  the  steam  engine  that  led  to  the  industrial  revolution  of  the 
nineteenth  century.  Suj>{)lementing  coal  with  petroleum,  and  the  internal 
combustion  engine  led  to  a  further  ra[)id  increase  in  the  heginmng  of  the 
present  century.  Now  atomic  energy  is  beginning  to  be  used  and  reseaich. 
is  being  done  ‘in  the  United  States  and  India  and  elsewhere  on  the  direct 
use  of  solar  energv.  Even  with  the  sources  of  energy  and  other  means  we, 
alreadv  have,  it  is  i>ossihle  to  produce  clothing,  housing,  clean  water  sup-  ' 
plies  and  other  sanitary  measures  to  meet  the  needs  ot  all  mankind  lor 
a  decent  life.  Hence  the  advance  of  science,  in  addition  to  bringing  freedom- 
from  war,  has  made  it  physically  possible  for  our  generation  to  pass  from 
a  world  of  scarcity  with  resulting  ]ioverty  for  the  majority  ol  mankind,  to, 
one  of  abundance  with  plenty  for  every  memher  ol  the  human  famil>.  As 

is  noted  below  this  api>lies  also  to  food.  iv.. 

With  freedom  from  want,  mankind  can  also  gel  Ireedom  liom 
work  Increasing  output  per  man  hour  is  reducing  the  number  of  h  uis 
needed  for  work.  One  of  the  American  labour  leaders  has  estimated  that, 
when  the  inlroduclion  of  electronic  control  to  the  motor  cai 
completed  the  number  of  men  needed  to  maintain  the  preseid  oulpul  n  a>  i 
he  irduced  from  1  (XMHMM)  to  200  000.  Not  the  least  ol  the  dilliculties  in  the 


I 


llraiisilioii  lo  the  new  aloinic  age  will  be  llie  adjusliiienl  oi  our  way  of  life 
lo  enable  people  lo  use  leisure  wisely  for  inlelleelual  and  cullural  develop- 
|nient.  Il  will  nol  be  easy  lo  gel  rid  oi'  llie  nineleenlli  cenlury  idea  dial  work 
per  se  is  a  virluc.  Some  work  is  necessary  and  is  a  valuable  discipline  for 
I  llie  young  who  should  be  compelled  lo  work  unlil  Ibey  have  produced 
wealth  equivalenl  lo  Ihe  value  of  a  lifelime’s  supply  ol  Ihe  jirimary  necessi- 
ilies  of  life.  Willi  modern  macliinery  llial  slioukl  lake  only  a  few  years, 
nifler  which  Ihcy  could  enjoy  leisure  or  do  more  work  for  luxuries. 

The  Greeks  despised  manual  work  as  fil  only  for  slaves,  and  in  their 
[leisure  rose  to  Ihe  highesl  level  of  culture.  Now  Ihe  machine  can  be  Ihe  slave 
lo  serve  Ihe  ooinmon  people  who  should  be  able  lo  enjoy  increasing  leisure. 
|From  such  a  vast  reservoir  of  latent  talent  and  genius  set  free  human  society 
could  rise  lo  a  higher  level  of  cullural  and  spiritual  wellbeing  than  has  yet 
|heen  attained  even  in  the  iiiosl  privileged  naliuns.  Thai,  however,  lies  in 
the  distant  future.  It  involves  a  new  sense  of  values  and  the  direction  of 
education  lo  a  new  objective.  Il  is  easier  to  make  machines  than  lo  adjust 


ideas  to  the  machine  age. 


Modern  medicine  —  freedom  from  disease 


The  advance  in  biological  science,  though  not  so  Sjicclacular  and  noisy 
in  its  results  as  physical  science,  with  its  wireless,  aeroplanes  and  bomlis, 
will  in  the  long  run  bring  about  almost  as  big  a  change  in  human  society. 
1  he  biggest  change,  in  the  meantime,  is  being  brought  about  by  the  advance 
in  medicine.  It  is  now  physically  possible  lo  control  and  reduce  to  vanishing 
'point  nearly  all  infectious  and  contagious  diseases.  In  countries  like  the 
I  mted  Kingdom,  where  the  new  knowledge  of  preventive  medicine  be'^an 
to  be  systematically  applied  in  the  later  half  of  the  nineteenth  cenlury  Ihe 
expectation  of  hie  at  birth  was  increased  by  ten  years  from  40  in  the  early' 
part  of  that  cenlury  lo  50  in  1900.  Since  1900  it  has  increased  by  another 
}ears.  Now  the  expectation  of  life  in  the  United  Kingdom,  as  in  other 
^ounhies  where  modern  medicine  has  been  applied  to  the  elimination  of 

lnni;l  ?  population  of  the  world,  where  il  is  only  beginning  lo  be 
plied  as,  foi  example,  by  the  elimination  of  malaria  and  the" introduction 
o  modern  sanitation  the  fall  in  the  death  rate  is  so  great  that  in  so  ne 
ases  the  iiopulation  is  being  doubled  in  less  than  30  years. 


hat  number  of  people  can  the  Earth  support? 


i-atc  had  risen  lo  aholl  5  5(W  (K«  'll  !' ■  1  ->  5^  (WO.  By  1900  llie 

Eur,>pcanrace.  In  En1lLI<VaiKlT\4l 

l-n.  ahou,  9  overiw  nhllions  in  ih’e 
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iiiillioiis  wlio  had  eiiiigraled  lo  llie  new  conlineiils  of  America  and  Auslra-  | 
lasia.  Now  disease  is  beginning  to  lie  conlrolled  in  praclically  all  countries, 
and  the  rale  of  growth  of  world  ]>o))Lilalion  has  risen  lo  over  40  000  000  a 
year.  At  the  present  rale  of  increase  the  population  of  the  world  will  rise 
from  about  2  000  million  where  it  was  at  the  beginning  of  the  last  world 
war  to  al)Out  5  000  million  by  the  end  of  the  i)resenl  century. 

Can  the  earth  he  made  to  i)rovide  food  for  such  a  large  numhcr?  On  this, 
lopinion  is  divided.  Food  is  the  main  limiting  factor  in  growth  of  population. 
According  to  Mallhus,  population  lends  to  increase  faster  than  food  produc- 
jlion  so  that  death  from  hunger  for  part  of  the  poiiulalion  is  inevitable, 
amless  increase  of  population  is  restricted  by  birth  control.  And,  indeed,  there 
has  never  been  sufficient  food  for  all  the  j)eople  of  the  world.  Had  harvests 
have  always  been  followed  by  famine  and  death.  In  the  Hengal  famine  of 
1770  a  third  of  the  population  (10  million)  perishel.  About  a  hundred  years 
ago,  fourteen  millions  died  in  a  great  1  amine  affecting  both  India  and  (diina. 
Up  until  the  beginning  of  the  nineteenth  century  tamines  with  a  heavy  death 
roll  occurred  in  European  countries.  Even  in  normal  harvests  the  poorest 
people  in  all  countries  lacked  suflicient  food.  It  is  signilicant  that  in  the 
Lord’s  Prayer  "'rjivc  ns  each  daij  our  daihj  bread'’  lakes  jirecedence  even  of 
the  petition  for  the  forgiveness  of  sins. 

The  modem  idea  of  what  constitutes  an  adecpiale  diet  has  led  lo  an  in¬ 
crease  in  the  cslimate  of  the  world  s  lood  suj)ply  to  meet  the  needs  ot  the 
human  familv.  Until  about  thirlv  yeais  ago  it  was  assumed  that  if  people 
had  sufficient  food  of  anv  kind  to  salisfv  hunger  their  needs  would  he  met. 
Now  it  is  know  that  in  addition  lo  calories  to  satisfy  hunger  the  diet  inust 
contain  sufficient  |)rotein,  vitamins  and  minerals  to  maintain  health.  Dielaiy 
surveys  in  the  lOdOs  showed  that  the  average  diet  of  the  poorest  third  ot 
the  population  in  the  United  Stales  and  the  United  Kingdom  was  deficient 
in  one  or  more  of  these  constituents  with  resulting  ill  health,  esiiecially  m 

mothers  and  children.  , 

Since  then,  owing  to  social  measures  such  as  cheap  milk  and  school 

'  meals  for  children,  and  the  rise  in  the  standard  of  living  which  enables  the 
iiooresl  part  of  the  community  lo  buy  the  more  expensive  protein  and 
vitamin-rich  foods  together  with  a  heller  a])preciation  ot  the  kind  o  lie 
needc^d  for  health,  gross  forms  of  malnulrilion  have  almost  complete^ 
disappeared.  But,  while  the  food  position  has  improved  m  the  mdusliiahze 
countries,  two  thirds  of  the  world’s  population  still  sufler  iihysical  delects 

and  disea.ses  due  lo  lack  of  an  adeciuate  diet.  ,  nf  nniHiion 

More  food  is  needed  lo  bring  people  ip)  to  this 
'than  merely  to  satisfy  hunger  which  was  the  old  standard  of  ^ 

iln  1940  it  was  eslimaled  that,  in  view  of  the  anlicipalec  “^crease  in  p  pula- 


in  IVHO  11  was  esiimauu  mai,  ill  >iv-»  1  Uvpnlv 

lion  wol  id  food  ])roduclinii  would  need  lo  be  doubled  in  Ibe  i  e. 

ve  years  lo  provide  an  adequalc  diel  for  all  Ibe  people  n,  the  world.  Horn 
me  scars  i  l^,  j,,,,, eased  fasler  ll.an  fiwd  |,rodu  - 

,  owins  lo  good  harvesls  in  Ibe  Iasi  four  years,  and  agii- 


five  years  to  prov 
1940*  to  1950  the 
tion.  Since  then 
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*  cultural  developmeiil,  food  production  has  caught  up  with  population.  The 
,  present  position  however  is  not  much  better  dian  in  pre-war  days  when  two 

•  thirds  of  the  population  of  the  world  suffered  from  malnutrition,  bince 
then,  owing  to  good  harvests  in  the  last  four  years,  and  agricultural  develop- 

I  ment,  food  production  has  caught  up  with  population.  Ihe  present  position 
however  is  not  much  better  than  in  prewar  days  when  two  thirds  of  the 
])opulation  of  the  world  suffered  from  malnutrition.  Since  then,  excluding 
the  communist  countries,  food  production  has  increased  a  little  over  25  per 
cent  while  population  has  increased  also  by  nearly  25  per  cent.  But  the 
biggest  increase  in  food  production  is  in  North  America  and  Western  Europe 
where  people  are  now  better  fed  than  before  the  war.  In  North  America 
there  is  a  great  unsaleable  surplus.  The  position  begins  to  he  like  that  of  the 
1930s,  too  much  food  in  some  areas  threatening  the  standard  of  living  of 
farmers,  and  in  other  areas  too  little  food  affecting  the  health  of  the  people. 
In  a  well  ordered  world  these  two  evils  would  cancel  each  other  out.  The 
food  supply  can  he  taken  as  a  good  index  of  the  wealth  of  different  countries. 
Lack  of  food  is  the  best  index  of  poA  ert}'. 

Some  think  it  will  never  he  possible  to  provide  sufficient  food  for  all  the 
people  in  the  world  because  birth  control  will  never  be  applied  sufficiently 
to  stop  the  growth  of  population,  and  also  because  of  the  continued  loss 
of  fertile  land  by  soil  erosion  owing  to  the  pressure  of  population  on  the 
land.  On  the  other  hand,  others  believe  that,  as  the  standard  of  living  and 
education  rises,  the  birth  rate  will  fall  as  has  happened  in  Western  Europe. 
But  in  the  United  States,  the  wealthiest  country  in  Qie  world,  there  has  been 
a  baby  boom  in  the  last  few  years.  This  however  may  be  only  an  exaggera¬ 
tion  of  the  usual  post-war  increased  birth  rate.  It  is  impossible  to  j)redict  at 
what  rate  or  how  long  the  world  population  will  continue  to  grow.  It  seems 
probable  however  that  the  death  rate  will  continue  to  fall  for  a  long  time 
without  the  biitli  rate  tailing  to  the  replacement  level,  and  the  population 
may  grow'  to  twice  or  even  three  times  its  present  size  in  the  next  hundred 
years,  though  one  may  at  least  hope  Urat  before  that  time  it  will  have  become 
stai)le  or  even  begun  to  decline. 

ilh  modern  agricultural  and  engineering  science  it  is  physically  possible 
to  produce  sufficient  food  for  two  or  three  times  the  present  population. 

country,  all  farming  were  brought  up  to  the 
lc\ el  leached  by  Ihe  most  efficient  farms  the  present  w'orlcf  food  supply 

^  example,  in  United  States,  the  yield  of  whiat 

vvhh  r  ^  Western  European  countries 

^•rvn^  methods  including  adequate  use  of  fertilizers  and 

.ontiol  ol  weeds  and  jilant  disease.  In  India,  the  Japanese  method  of  rice 
cultivation  has  doubled  the  yield  per  acre,  where  il  has  been  applied  Even 
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destriiclive  power  oi’  floods  harnessed  lo  yield  hydro-eleclric  power  and  Ihe  ^ 
water  for  irrigation,  as  indeed  is  being  done  in  several  countries.  The  only  ^ 
practical  limit  to  food  [)rodnction  is  the  amount  capital  governments  are  i 
prepared  to  devote  to  it.  I'he  age-long  food  scarcity  with  j)eriodic  famine 
can  be  made  to  give  way  to  a  new  age  of  abundance  of  food  for  everybody.  J 
This  could  he  done  within  a  few  decades  if  governments  were  preparel  to 
co-operate  on  a  world  food  ])lan,  and  to  devote  to  world  food  production  half  j 
the  efforts  being  devoted  to  preparation  for  war. 

The  revolt  of  the  subject  races  —  freedom  from  oppression  ^ 


Apart 


embarking 


from  tbe  H-bomb  which  deters  any  of  the  great  powers  from 
on  another  war,  the  most  important  political  change  in  our 
lime  is  the  revolt  of  the  sul)ject  races.  The  white  man  has  got  notice  lo 
(juit.  Empires  are  in  process  of  liquidation.  The  fundamental  causes  of  the 
revolt  is  the  poverty  of  the  common  people  who  now  realize  that  their  poverty 
is  unnecessary  and  altrihule  it  to  their  foreign  rulers.  Ihey  are  determined 
lo  lake  control  of  their  countries  and  to  develop  their  natural  resources  for 
their  own  benefit.  The  large  countries,  especially  China  and  India  which 
have  thousands  of  universilv  graduates  educated  in  America  or  Europe  and 
their  own  research  institutions,  should  be  able  lo  apply  modern  technology 
to  industrial  development  as  rapidly  as  Japan,  cvhich,  free  from  foreign 
rule,  within  forty  years  became  one  of  the  great  industrial  and  military 
world  powers.  In  that  case  during  the  lifetime  of  our  children  the  white 
man’s  supremacy  in  the  world  may  be  challenged  by  the  colouied 


I 


'I'he  Afro-Asian  Conference  of  Bandung  representing  more  than  halt  llic 


nopulalion  of  the  world  arranged  by  men,  who  a  few  years  ago  would  not 
have  been  allowed  in  a  while  man’s  club  in  Asia  or  Africa,  may 
of  the  shift  of  the  centre  of  world  power.  As  General  Smuts  predicted,  he 
upsurge  of  Asia  which  began  the  revolt  of  the  subject  races  is  by  ai  i 
inost  imiiortant  political  event  of  our  time.  Compared  with  it,  European 
politics  are  of  minor  importance.  The  industrialized  and  at  piesen  powei  u 
western  nations  can  co-operate  as  political  equals  with  these 
nations  in  developing  the  resources  of  the  earth  toi  the  benelil  oi  ll 
ru„rn  lainily.  Olhenvise,  «  i,houl  the  help  ot  Ihe  West,  they  develop 
Iheir  induslrial  and  iiiililary  power  in  hoslihly  lo  the  western  civilizations. 


The  birth  of  a  new  world  order 

We  have  argued  that  the  H-hoinh  and  tourist  traflic  ™ 

iiui^v^oi'id  ::i.  p[-;n|y 

i:ir?:cnhu:thet-ote“ti:v 

Thus  'nuclei  the  impact  of  modern  science,  human  society  is  moving 
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towards  llie  “New  and  Belter  World”  })roiiiiscd  by  the  late  President 
Roosevelt,  a  world  with  the  jwlitical  and  economic  freedom  for  all  men  in 
all  lands  promised  in  the  Atlantic  Charter. 

The  iiiovemenl  to  this  hetter  world  order  is  opposed,  as  every  forward 
movement  has  heen  opj)Osed,  hy  some  who  have  a  vested  interest  in  the  old 
order  which  is  passing.  The  rale  of  progress  dejyends  u})n  the  enlighten¬ 
ment  of  the  people  to  enable  them  to  realize  that  science  has  brought  within 
our  reach  a  society  free  from  the  intolerable  evils  of  war,  hunger,  disease 
and  poverty.  This  edition  of  Science  and  Maiikiiul  should  be  a  valuable 
addition  to  the  already  extensive  literature  promoling  a  well-informed 
world-wide  j)ublic  opinion  necessary  for  the  rapid  building  of  the  new 
world  of  j)eace  and  plenty  which  seems  the  inevitable  outcome  of  the  great 
events  of  our  time. 
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DOES  THE  rilEOUY  ENT  XCIATED  BY  ROBERT  MALTHl  S 
IN  1798—1805  CORRESPOND  ^Y1TH  THE  REALITIES  OF  THE 
SECOND  HALF  OF  THE  20lh  CENTURY? 
liy  the  lale 

Professor  Th.  Roeiiier,  Halle,  Geriiiaiiy 


P^niincialing  Ihe  llieory  lhal  a  })opulalion  increases  faster  than  the  produc¬ 
tion  of  its  means  of  existence,  Thomas  Robert  Malthus  (1798—1805)  stated 
as  follows:  “As  /'or  as  our  experience  (joes,  a  popiilalion  tends  to  expand 
beyond  the  limits  set  by  the  means  of  existence  provided  by  any  yiven 
economic  and  social  oryanizalion’. 

He  also  expressed  the  opinion  that  a  population  increases  by  geometric 
progression  (1,  2,  4,  8,  16),  while  the  production  of  food  increases  only  in 
arithmetic  proportion  (1,  2,  3,  4,  5),  and  there  are  competent  economists 
who  regard  this  as  “//le  most  infranyible  and  important  law  in  political 
economy'. 


In  the  150  years  which  have  passed  since  Malthus  enunciated  this  theory 
his  prediction  has  not  come  true,  and  therefore  the  question  selected  for  the 
subject  of  this  contribution  may  cause  some  suiq)rise,  since  for  the  last  filty 
years  eminent  exj)erts  (such  as  Aerobos,  of  Berlin;  l'2ast,  of  Columbia  I  ni- 
versity,  U.S.A.;  Knihhe,  of  Australia;  Czuber  of  Vienna;  and  many  others) 
have  written  innumerable  papers  of  the  development,  past  and  luture,  ol 
Ihe  figures  of  population  and  of  the  production  on  its  means  ot  existence. 
The  specialist  opinions  were  divided;  some  (East  and  Knihhe)  maintained 
that  this  theory  is  correct,  while  olheis  j:oinled  out  that  the  j)redictions  have 
not  proved  correct  and  never  would  do. 


New  reasons  are  j)iovided  lor  the  consideration  of  this  (|ueslion  at  the 
present  time,  however,  hy  the  lour  lollowing  facts: 

1.  Since  the  l)irth  of  Justus  von  Liebig  some  150  years  ago,  there  has  been 
a  fundamental  change  in  agriculture  due  to  his  lile  work  and  the  N\oik 
of  his  i)upils. 

2.  The  fact  that  we  now  have  50  years  of  careful  research  work  on  which 
we  can  look  hack,  provides  us  with  reliable  indications,  formerly  lacking, 
of  the  possibilities  of  increasing  the  yield  of  the  fields  and  stables  m  the 

future. 

3.  According  to  the  Food  and  Agriculture  Organization  of  the  United 
Nations  (F.A.O.),  half  of  mankind,  mostly  in  Asia,  with  less  than  -  2oU 
calories  a  day,  is  undernourished,  and  is  thereby  restricted  in  its  productnc 
capacity.  Lasting  peace  in  the  world,  for  which  we  all.  long,  cannot  be 
secured^ if  so  large  a  proportion  of  the  population  is  suffering  from  hungei. 
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i  mnrp  194')  ‘1  certain  number  of  pul)lications  have  appealed,  mainly  in 
the-An^tAmedcr,  ;";  or  ,).e  wolld,  raising  , he  ^uesUorr  aga.n  and  .n 
nio'^i  cases  arriviim  at  a  theoretical  conclusion  similar  to  that  of  Malthus. 

in  1898,  exactly  a  hundred  years  alter  Malthus, 

British  Association  lor  the  Advancement  ol  Science,  Sir  W 

oaye  a  leclure  on  ‘•'nre  Prolilein  ol  Corn”,  in  vyhich,  basing  himsell  on  the 

lact  that  by  1930  all  the  arable  land  in  the  world  would  Ire  undei  ciilliva- 

lion,  he  loretokl  that  Iroiii  then  on  Ihe  world  would  suller  Iroiii 

Filly  years  later,  in  1948,  Lord  Boyd  Orr,  Director  General  ol  F.A.O,  who 

was'awarded  the  Nobel  Peace  Prize  a  year  laler,  said  much  the  same  thing, 

as  follows: 


“III  the  race  between  jiopiilcitioii  and  jood  production,  population  will  win. 
1  If  we  do  not  take  prompt  steps  to  win  that  race,  we  shall  find  ourselves  faced 
with  far-eaching  catastrophe"".  A  year  later,  in  1949,  the  American  Dr. 
I  Salter  wrote:  “Any  hope  of  escape  from  famine  is  bound  to  be  buried  under 
'  an  avalanche  of  population"’. 


j  Just  as,  in  1898,  Lawes  and  Gilbert,  of  Rothamsted,  refuted  Crookes’ 

'  alarming  prophesies,  so  at  Rothamsted  again,  in  1948,  Sir  John  Russell 
refuted  that  of  Lord  Royd  Orr,  and  my  ol)ject  here  is  to  state  a  view,  from 
'  the  German  angle,  on  this  problem,  which  is  causing  anxiety  all  over  the 
world. 

I  I  will  start  off  hy  remarking  that  security  of  tenure  of  the  places  where 
one  works  and  where  one  lives  is  as  important  as  the  securing  of  food. 
Without  the  former,  the  latter  is  valueless. 

Malthus’  forecast  has  not  come  true  in  the  150  years  since  he  made  it, 
although  the  world’s  population  has  increased  from  500  million,  in  1700,  to 
775  million,  in  1800,  1  507  million,  in  1900,  and  2  300  million,  in  1950. 
Wliei  eas  Malthus,  w'orking  on  the  material  at  his  disposal,  reckoned  on 
a  doubling  of  the  poi)ulation  every  25  years,  in  actual  fact  there  have  been 
times  when  it  has  taken  100  years  for  it  to  double.  On  the  other  hand,  it  has 
been  possible  to  ])lace  at  the  disposal  of  this  growing  world  population  more 
and  more  food,  of  better  cpiality.  Not  only  has  the  number  of  calories  a  day 
been  increased,  but  there  has  also  been  a  considerable  replacement  of 
vegetable,  by  animal  products. 

In  Germany,  lor  example,  the  consumption  ot  breadmaking  grain  per 
head  per  annum  decreased  from  300  kg  in  18(M),  to  200  kg  in  1900,  and 


*  l  earson  and  Harper:  Hunger  in  Ihe  World  194') 

Shephard:  Food  or  Famine?  1945 

Digby:  Food  T omorrou)  1946 

De  Turk:  Deliverance  from  Famine  1948 

Metternich:  The  Desert  Threatens.  The  Foods  Basis  of  the  Human  Commiinitu 
IS  Compromised  1947 
Voigt;  The  Road  of  the  Survivors  1949 
Sir  John  Russell:  Food  and  the  People  1949 
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to  97  ki;  in  1949  afler  ralioiiing  was  slopped,  while  the  consuinplion  of  meal 
increased  Ironi  29  kg  in  hSSO,  lo  54  kg  in  1915,  and  lhal  of  liuller  68  kg  in 
1915,  lo  8'5  kg  in  1948.  It  has  Ijeen  loimd,  in  the  course  of  experimental 
leeding,  lhal  loi  each  animal  calorie  produced,  5  vegelahle  calories  are 
(.onsunied,  hul  in  piaclice,  owing  lo  mistakes  in  leeding,  losses  in  hreeding, 
sickness  and  pesls,  Ihe  latter  figue  is  7,  or  even  10,  according  lo  an  eslimale 
arrived  al  by  Sir  John  Russell,  for  many  years  Director  of  the  great  English 
agricultural  experimental  station  of  Rol'hamsted.  If  the  world  population 
as  a  whole  were  consuming  animal  calories  on  the  same  scale  as  lhal  of  the 
U.S.A.,  it  would  not  he  2  500  million  iieojile,  hul  only  1  000  million,  who 
could  live  on  the  world’s  present  produclion.  Rut,  on  the  other  hand,  if  it 
were  to  do  so  on  the  same  scale  as  the  yellow  races,  the  woild’s  jiresent 
IHoduclion  would  provide  for  another  50(*)  million,  i.  e.  for  a  pojHilalion  of 
2  800  million. 
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4’he  })resenl  world  jiopulalioii  is  increasing  annually  hv  about  20  million, 
or  by  0-85  jier  cent.  What  this  means  will  he  apjirecialed  if  one  reckons  lhal,  1 
at  the  end  of  each  hour  of  the  day  and  night,  there  are  2  400  more  human 
hearts  healing  than  when  lhal  hour  began.  One  cannot  jnedicl  with  certainly  j 
whether  this  rate  of  increase  will  he  maintained  in  the  future,  and  if  so,  for 
how  long,  hut  there  are  some  indications  lhal  it  will  slowly  diminish.  4’he  j 
jirincipal  cause  of  this  would  appear  lo  he  the  fact  medicine  is  prolonging 
life  so  much  lhal  almost  one  household  in  three  has  lo  house,  feed  and  cloUie  | 
one  or  two  clo.se  relatives  of  the  jneceding  generation.  As  the  result  of  this  ' 
there  is  a  reduction  not  only  of  the  will,  hul  also  of  the  material  means,  for 
the  rearing  and  education  of  children.  I 


44ie  situation  is  developing  very  differently  in  different  countries.  In 
Holland,  for  examjile,  the  jiojiulalion  has  increased  from  5  lo  10  million 
since  1900,  which  means  lhal  it  has  doubled  in  50  instead  ol  in  100  years. 
In  Germany,  on  Ihe  other  hand,  a  considerable  jiarl  of  the  increase  of 
jiojnilalion  is  due  lo  the  fact  that  the  average  exjieclalion  ol  lile  went  up 
from  54  vears  in  1870,  lo  61  years  in  1955,  which  means  ol  course  an  over¬ 
loading  with  ])Cople  who  can  no  longer  work.  Such  ‘ageing’  ol  the  jiopula- 
tion  hears  jiarlicularly  hard  on  those  peo])les  which  jiai  licijialed  in  the 
first  and  second  world  wars,  and  which  now,  as  the  lesult  ol  their  enormous 
losses  in  the  more  productive  age-grouj)s,  have  a  senile  slrucline  which  is 
({uile  jialhological.  It  is  estimated  by  the  statisticians  lhal  in  Great  Rrilam 
and  France  the  population  will  he  reduced  by  as  much  as  4  million  hv  1970 
on  this  account,  while  in  Germany,  war  losses  estimated  al  10— -11  million 
are  expected  lo  cau.se  a  reduction  of  jiopulalion  of  about  1  million  in  live 
years,  even  if  there  is  no  large-scale  emigration  to  increase  that  liguie. 


In  the  statistics  for  the  years  1945/44  worked  out  at  Geneva  by  Xoteslein  ^ 
and  his  collaborators,  the  development  of  the  population  was  estimated 
as  follows:  1 
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North-\^  est  and 
Central  Europe 

Southern  and 
Eastern  Europe 

Ru.ssia 

(in  millions) 

1940 

234 

165 

174 

1950 

237 

177 

203 

1960 

234 

187 

228 

1970 

225 

192 

251 

The  propoilioii  between  North-West  and  Central  Europe,  on  the  one  hand, 
and  Southern  and  Eastern  ELiro])e  j)his  Russia,  on  the  other,  is  thus  ex¬ 
pected  to  change  Iroin  1:T5  in  1940  to  1:2  in  1970,  alter  which  the  tendency 
will  continue  in  the  same  direction. 

It  is  dii'licult  to  calculate  the  population  figures  for  various  countries  and 
continents,  as  past  predictions  of  poj)ulation  have  not  proved  correct,  and 
because  those  now  being  made  differ  from  each  other  enormously  and  are 
often  fantastically  contradictory.  A  recent  example  of  this  occurred  in  194S, 
when  Gustave  Stolper  wrote  in  Fortune: 

''(icrmoui]  luis  become  o  notion  of  women  (tnd  old  people.  The  lime  is 
alreodij  in  sujhl  when  Ihe  unileil  populalion  of  Ihe  four  Zones  will  be  reduced 
to  thnl  oj  b  ranee  —  44  million.  The  julure  popuUdion  of  (jcrmaiui  lies  buried 
in  the  ruins  of  world  war  IT'. 

hor  at  tliat  very  same  time  the  French  j)oj)ulation  statistician,  Paul  Henrv, 
was  writine;: 

"Despile  the  loss  of  a  quarter  of  the  tbrritonj  of  the  old  Reich  of  1920—1939, 
Germanij,  thanks  to  the  cntrij  oj  (iernum  refugees  from  the  East,  wilt  soon 
have  ag(un  a  })opul(dion  oj  70  mitlion,  (tnd,  in  spite  of  the  enornwus  excess 
of  women  and  of  the  ageing  of  the  mass  of  the  population,  this  will  increa.se 
beyond  70  million  because  the  vitality  of  the  people  is  imchanged”. 

AMiat  influences  future  jiojnilation  figures  can  he  only  roughly  deduced 
Ironi  the  lacts  ol  the  past.  We  must,  therefore,  for  all  that  inay  he  argued 
against  it,  take  as  the  starting  point  for  our  estimation  the  assumiition'that 
lie  alum  will  go  on  nicieasing  al  a  rale  ol'  (l-.Sr,  per  cenl.  per  anniiin, 
1.  e.  1)}  „()  million,  though  in  some  countries  the 
Jii  others  slow* 
whethei 

10  increase,  iiaTniirii;, 


I  lei.s  slower,  than  llie  average.  Tl.e  laelor  which  will  really  dclern.ine 

ac7ease“  I  aTall'  ir"''''*'^’  ""  liehnnul  possible 

ow  k  teal;  i"  A^ia,  which  in  India 


IS  now 

All  kinds  of  ])oliticians,  slalisticii 


calcuhle  ilu'  •  •  '  . g^'agraphers  liave  tried  to 

arrhnd  ,1  ■  "’.=•’"',''“'11  capacity  lor  human  populalion,  and  have 

shovl  ho  I  o "'il  i«»-  These  fi-ures 

a"ukt\d  Inl’w  leliT™:i,'r‘"''‘‘‘'? 

que  or  loilav  ‘  ”'™'  P'-oiIuclive  Icchni- 
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\\  ilh  sucli  ligures  l)efore  one,  one  wonders  how  il  was  dial  Malllius  and 
his  conleinporaries  conld  liave  huill  up  Ihe  theory  now  known  as  Mallliu- 
sianisin,  lor  il  sliould  he  lK)rne  in  mind  that  il  was  only  50  years  alter 
Mallhns  that  Jnslus  von  Liel)ig  laid  the  I’oundations  of  Ihe  science  of  inain- 
laining  and  increasing  Ihe  ferlilily  of  the  soil  and  of  increasing  its  yield  per 
hectare.  Liehig  was  the  first  to  teach  us  that  a  system  based  on  farm  manure 
only  does  not  })roAide  for  the. complete  restitution  of  the  elements  drawn 
from  the  soil,  hut  that  the  nutritive  elements  exj)orled  from  a  farm  each 
iyear  must  he  halanced  by  the  ])urchase  of  inorganic  fertilizers,  and  that 
any  other  policy  entails  robbing  the  soil  in  a  way  which  will,  sooner  or 
later,  reduce  its  ferlilily.  1 1  was  he,  therefore,  who,  a  hundred  years  ago, 
j)rovided  the  preliminary  data,  which  are  of  decisive  importance,  for  the 
develojmient  of  the  production  of  mineral  fertilizers,  for  Europe  to  begin 
with,  but  later  for  the  whole  world. 

Next  came,  in  1(S88,  the  epoch-making  discovery  by  Hellriegel  of  the 
utilization  of  atmospheric  nitrogen  by  bacteria  in  the  soil  which  live  in 
svmhiosis  with  leguminous  plants,  followed  l)y  the  even  more  important 
discovery  l)y  Haber-Bosch-Mittasch  of  the  process  for  the  production  of 
synthetic  nitrogen  fertilizers.  The  combined  effect  of  these  discoveries  was 
tiie  doubling  of  the  yield  per  hectare  in  66  years,  and  it  is  now  known  for 
certain  that  50  per  cent,  of  the  increases  of  yield  achieved  over  the  i)asl 
century  are  due  to  the  restoration  to  the  soil  of  its  nitrogen  content  by  means 
of  mineral  and  synthetic  fertilizers. 

A  further  fact  which  can  be  proved  with  certainly  is  that  25  pei  cent,  of 
the  increases  of  yield,  both  of  the  field  and  of  the  stable,  since  1900,  have 
been  achieved  thanks  to  the  development  of  artificial  selection.  In  its  first 
phase,  which  lasted  until  about  1910,  this  selection  worked  on  the  princiide 
of  isolation  pro])ounded  hv  Philippe  de  \ohnorin  in  Paris  in  1856,  but  in  its 
second  phase,  il  has  usccrihe  laws  of  Mendel.  There  are  now  very  defmde 
^rounds  for  believing  that  by  the  full  application  of  artd’icial  selection, 
which  amounts  to  the  direction  of  evolution,  and  annual  increase  of  \ege- 
table  and  animal  products  of  about  OS  per  cent,  increases  ol  25  per  cent, 
every  50  years,  have  been,  and  will  continue  to  be,  achieved 

This  extra  25  iier  cent,  increase  of  yield  has  been  achieved  by  the  culliya- 
lion  or  more  prodiiclive  ly|.es  ol  crop  (ficl.l  vegelal.les,  instead  ol  cereals). 
1)V  the  consequent  improvement  ol  croj)  allernalion  and  tillage,  anc  ). 
in<>  diseases  and  weeds.  The  net  result  of  it  all  in  Germany  has  been 


fishtine  diseases  auu  1 . . -  -  .  ^ 

],roved'l)y  Woermann  to  l.avc  lieen  an  annual  increase  „[ 

of  agriciiUnral  products  of  2  per  cent,  over  the  period  l.S80-lfl-0,  an  1  it 
;s  tier  cent,  over  the  period  l!)20-irMir.  wliile  the  merea.se  ol  population  me 
dime  iierioils  has  1  eeii  harelv  1  per  cent,  per  annum.  Smnlarlv  in  olhe 

countries,  as  sciei, title  agriculture  has  heen  ''’JL  I"™'”  ”, 

foodslul'fs  has  incrca.sed  luoiiorlionally,  and  delimlch  fastci 

"’Su:^\:!i’e'tw:  mistakes:  on  the  one  hand,  he  grossly  over-estimated 


• 

the  increase  of  the  population,  and  on  the  other,  he  was  unalrle  to  foresee 
forthcoming  developments  in  agricultural  ])roduction.  It  is  not  surinising, 
therefore,  That  the  last  loO  years  have  proved  that  his  theory  has  not  the 
slightest  confirmation  in  fact.  It  would  he  uniair,  however,  to  lepioac  i 
Malthus  with  this,  for  he  could  hardly  have  foreseen  such  developments. 

Is  it  i)Ossihle  that  Lord  Boyd  Orr  is  right,  and  that  everything  is  dillerent 
now,  in  the  second  half  of  the  twentieth  century.^  Must  we  really  reach  the 
upi)ei-  limit  of  food  production,  while  the  population  goes  on  increasing 
rapidly?  This  is  a  matter  which  concerns  all  peoples,  and  it  can  very  salely 
be  stated  that  even  a  population  which  continues  to  increase  at  a  rate  of 
1  per  cent,  per  annum,  thus  doubling  itself  every  77  years,  can  have  sullicient 
means  at  its  disposal  to  secure  for  itself  food  which  is  not  merely  ade(piate, 
hut  even  better  than  at  the  present  time. 

Let  us  just  examine  the  possibilities: 

1.  As  in  the  past,  so  also  in  the  future,  mineral  fei  tilizalion  will  be  the  lever 
to  raise  the  output  of  foodstuffs,  and  to  do  so  most  (juickly.  Julius  Kiiii  was 
already  using  in  1880,  for  his  experiments  at  Halle  with  continuous  cultiva¬ 
tion  of  rye,  40  kg  of  nitrate,  00  kg  of  })hosphates,  and  80  kg  of  potash.  As 
comj)ared  with  that,  however,  the  figures  for  maximum  consumption  in 
Germany  between  1980  mid  1938  weie  only  20,  20,  and  44,  i.  e.  half  those 
prescribed  liy  the  agricultui  al  chemists  (Maercker,  Paul  Wagner,  and  others) 


after  the  years  1880 — 1900.  Holland  is  the  only  country  where  the  con- 
I;  sumption  of  nitrate  has  reached  44  kg,  and  there  that  level  will  soon  be  sur- 
jiassed.  II  we  base  ourselves  on  the  results  of  thousands  and  thousands  of 
ij tests  with  fertilizei's,  carried  out  on  hundreds  of  ordinary  farms  (not  on 
experimental  fields)  we  may  reckon  that  omission  to  use  mineral  fertilizers 
!jon  the  scales  prescribed  by  Kiilm  has  led,  in  Germany  alone,  to  an  annual 
Tinder-production  equivalentJii.6mhllion  tons  of  cereal's,  or  of  300  g  of  bread 
or  its  equivalent  per  head  per  diem.  4'his  lack  of  production  is  ecpial  to 
00  jier  cent,  of  the  amount  of  cereals  imported  into  the  Kuropean  continent, 
which  averaged  9  million  tons  a  year  in  1935—1938  (Woermann). 

IJ  This  shows  us,  on  the  one  hand,  the  extent  to  which  neglect  has  been 
prevalent  during  the  lirst  halt  of  the  20th  century,  and  on  tl'ie  other,  what 
yare  the  luture  possibilities  inherent  in  the  farms  of  (iermany  and  of  Europe 
as  a  whole.  \\  e  must  nol  shut  our  eyes,  however,  lo  the  fact  that  these 


jpossibilities  cannot  be  realized  unless  the  production  of  fertilizers  increases 
on  the  scale  reiiuired.  Their  realization  in  Germany  was  limited  after  the 


.war  by  he  resliirUve  rcgulalions  iif  11, e  Occupying  I'oweis  and  by  lack  of 
(apilak  but  II  will  be  achieved  all  Ihe  same  in  Ihe  course  of  some'dccades. 


I'c  mi  ;  '™."“  licre  finds  confinnalioi,  in  Ihe  lad  that  since 


linT  ;  “I  lerlihzers  has  been  increased  Iwo  and  a  half 

times  11  England  and  three  and  a  half  limes  in  the  Ihiiled  Slates. 

Ill  the  course  ol  the  last  twenty  years,  the  I'niled  Stales  Canada  anil 
Hussia  have  increased  their  use  of  mineral  ferlilizers,  ami  iune  change 
jOrei  hoin  iiioirocullure  lo  the  rotation  of  crops.  In  Ihe  increased  haiw?sls 


] 


27 


I 


I 


which  have  aclually  l)een  achieved  in  those  countries  are  proof  of  the 
correctness  of  these  measures,  even  in  the  coldest  countries  in  the  world. 
Furthermore,  exj)erts  are  unanimous  that  the  development  of  means  I 
svherehy  nitrate  fertilizer  can  he  applied  slowly  and  regularly  throughout 
the  period  of  plant  growth  would  make  it  possible  to  achieve  results | 
hitherto  unknown.  The  development  of  these  means  is  therefore  the  first 


. .  . . .  development  of  these  means  is  therefore  the  first 

jniority  for  the  fertilizer  and  agricultural  chemical  industry.  | 

2.  It  has  heen  mentioned  above  that  the  application  of  plant  breeding  has 
produced  an  annual  increase  of  (ko  i)er  cent.  There  is  no  doubt  that,  if  aj 
correct  policy  is  j)ursucd,  Uiis  will  do  so  also  in  the  future.  There  are  many* 
reasons  to  believe,  indeed,  that  future  developments  in  biological  selection 
will  produce  even  greater  results,  both  in  plants  and  in  animals,  as  is  shown  I 
by  the  following  three  examples; 

a)  A  “hybrid  maize”  is  the  first  generation  of  a  cross  between  2  or  4  strains | 
kept  pure  bv  self-fertilization.  Such  a  “hybrid  maize”  gives  yields  25  per 
cent,  greater  than  that  of  the  origin  species  (not  the  self-fertilized  strains). | 
“Hyblid  maizes”  of  this  kind  have  spead  rapidly  in  the  “corn  belt”  in  the 
United  States,  and  there  are  States  where  already  over  90  per  cent,  of  the  area, 
sown  with  maize  is  sown  with  hybrids.  These  substantial  increases  of  yield 
'are  the  fruit  of  the  forty  years  of  biological  research  done  by  Shull  from 

1903  onwards.  .  .  * 

'  b)  Dutch  selectors  of  sugar-cane  have  succeeded  in  25  years  in  increasing 
the  yield  of  sugar  per  hectare  from  80  to  170  quintals,  which  means  an| 
annual  increase'of  3  per  cent,  or  six  times  the  0-5  per  cent,  mentioned  earlier. 
I'his  achievement  was  due  to  the  successtul  systematic  crossing  of  \aiieticsj 
and  inter-crossing  of  species,  and  to  the  doubling  of  the  chromosomes,  i.  e. 
to  selection  of  iDolvploids.  This  method  is  already  practised  generally. 


iii  I-.urope  lor  forage  plants  and  rye;  a  rye  ^yilh  twice  the  normal  nninl)erl 

of  chromosomes  yields  17  per  cent,  more  grain.  •  i  •  ,  ,  i  .  I 

c)  This  is  an  example  which  demonstrates  the  action  ol  biological  selec-l 
ion  in  microorganisms.  The  mould  Penicilliiim  jiroduces  penicillin.  Mv' 

^  _  .1  w'fvrL'  in  wnhiiinLM 


former  collaliorator.  Dr.  Thren,  succeeded  after  two  years’  work 
strains  of  this  mould  which  inmluce  in  a  given  time  four  times  the  basic 

:;‘""rior:'  , Cl  diseases  rednee  harvests  hy  at  least  15  per  cent,  in  Gernumy,' 
and  l)v  between  25  and  50  per  cent,  in  the  sub-tropical  and  hojucal  counti  its.| 
The  selection  among  various  cultivated  plants  of  disease-  resistant  \aiieties, 
thomdi  it  does  nof 'eliminate  such  damage  entirely,  at  least  reduces  tmi- 
sidemblv  the  losses  due  to  it.  Uomiiarative  tests  over  a  period  of  ten  I 
have  shown  that  varieties  of  barley  which  are 

vifdd  10  to  l‘>  ner  cent,  more  than  the  average  lor  the  >eai.  b  inilai  I 

inav^  heei^eanc^^^  luilliant  work  hy  American  and  Canadian  breeders 
44ms,  l>v  the  expenditure  of  a  million  dollars  a  year  loi  _  o  a  | 

20  ndlMon  .lollars,  440  million  dollnrs-vyorlh  inore  wheal  a  yea,  has 
hcen  harvcsled.  Ilianks  lo  Ihc  planlnig  ol  rnsl-,cs,slanl  wheal. 
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14.  In  llic  Iasi  decade  an  enliiely  new  field  lias  been  opened  uji  by  bio- 
cheniislrv.  Organic  insecticides,  such  as  Ihe  DDT  preparations,  benzine 

Ihexachloride,  the  jiliosphoric  esters  for  use  against  animal  predators,  ana, 
the  horinnne  weed  killers,  are  the  most  recent  products  of  biological  research 
I  which  have  alrcadv  been  used  over  many  millions  ol  acres  m  Canada  and 
the  Ihiiled  Stales,  to  increase  yields  by  the  suppression  of  weeds,  ^^hlle  we 
lare  just  starling  on  this  kind  ot  thing  in  Germany,  the  trials  which  \\c  have 
carried  out  so  far  with  fields  where  the  weeds  have  been  suppressed  have 
.shown  increases  of  22  iier  cent,  in  the  yield.  The  existence  of  sui’iirising 
l])Ossibililies  is  a  fact  which  will  he  recognized  not  by  optimists  only,  but  by 
those  who  weigh  uj)  things  calmly  as  wxdl. 

1 5.  I'ner  since  the  lime  of  Liebig  efforts  have  been  directed  solely  lownrds 
securing  increases  of  yields  per  acre,  but  during  the  last  3h  years  a  beginning 

I  has  heen  made  with  the  investigation  ol  the  e({ually  important  ])rol)lem  ol 
how  to  reduce  the  losses  sustained  in  storage,  and  of  those  sulfered  in  silos 
land  potato  cellars  (Agermin).  Attention  has  been  devoted  also  to  the 
mt'dernizalion  of  melbods  used  for  the  preservation  of  jierishable  foodstuffs, 
.by  the  use  of  organic  prejiaralions  and  by  refrigeration,  wdth  a  view'  to 
reducing  the  enormous  losses  in  nutritive  value  of  forage  due  to  storage 
(Ainasil,  Kofasalz). 

1(3.  All  this  is  by  no  means  enough,  however,  for  biology  is  opening  up  com- 
])letely  new  ways  of  producing  food.  I  have  in  mind  here,  not  hydroponics, 

I  which  got  going  in  the  United  Stales  during  the  war  years,  but  rather  the 
production  ol  lals  and  proteins  wdlh  the  help  of  microorganisms,  and  by| 

I  yeasts,  bacteria  and  seaweeds.  In  d'rinidad  and  Jamaica,  foi'  instance,  factor¬ 
ies  have  been  established  where  the  Toriila  yeasts  are  used  to  produce  5  tons 
I  of  lood  rich  in  proteins  daily  out  of  molasses  and  useless  bagasse  (the 
by-j)r(Khicts  of  the  sugar-crushing  mills).  The  prospect  seems  likelv.ji 
inorenver,  that  a  food  containing  4(S  j)er  cent,  of  protein  will  be  obtainedf 
from  the  green  alga  ClilorelUi. 

E\er\ thing  is  dominated,  however,  by  the  extension  of  irrigation  and 
of  the  aiea  under  cultivation.  Out  of  14  400  million  hectares  of  dry  land 
in  the  world,  7  (X)0  million,  or  48  per  cent.,  can  be  used  for  agi  icultural 
j)uij)nses,  but  in  actual  lad,  even  if  the  cattle  ranches  arc  included  onlv 
about  a  half  of  that  area  is  so  used.  In  Africa,  in  South  America,  in  Australia, 
heie  a,re  still  vast  areas  which  could  be  used  for  food  production  if  the 
iiglil  aginsl  <l™uglit  could  l)e  won,  liy  irrigalioii  and  llic  arlil'ical  pro- 
I  uction  ol  la.nfall.  Research  carried  oul  over  inanv  veais  hv  Ihc  Adininis- 

'  V-r"-'’',',  AK''"=«llural  Te, -1.111(1110  (K.L.'l'.)  (Schoni'.iip)  has  shown 

ehveen  'dT ami'-.-'''’  yield-increases  averaging 

and\w  ,  1  '  "•  '^''">‘'>10  over  (lerinanv  alo-n(!. 

an  I  «o.  Id  iiroducc  lar  greater  increases  in  drier  and  warmer  co.mlries 

I  he  <  evelop.iKint  typified  hy  the  increasing  use  ot  mineral  fe  il'i/ers 
•Kond  hall  of  the  century  through  the  hasing  ot  economy  oii  walet-su7ply. 
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1  lie  M‘iy  gieal  iiiipurlancc  ol  Ihis  is  shown  by  Ihe  iacl,  according  to  F.A.O., 
that,  though  only  Id  j)er  cent,  ol  the  world  s  siirlacc  which  is  under  cultiva- 


lion  is  irrigated,  that  area  produces  25  per  cent,  ol  the  world’s  food,  d’he 
■  result  already  achieved  by  vast  systems  of  water  control  in  the  Sudan,  the 
1  ennessee  \  alley,  and  elsewhere,  and  those  which  niav  be  expected  to 
result  from  the  execution  of  the  large-scale  plants  for  Anglo-French  joint 
develoj)ment  of  the  Volta  region  and  Nigeria,  in  ^Yest  Africa,  and  the  com¬ 
pletion  of  vast  ])rojects  in  the  Volga  region  and  in  Trans-Caucasia,  in 
Turkey,  in  Iran,,  in  India  and  in  China,  afford  solid  grounds  for  optimism 
regarding  food-production  in  the  next  half-century. 

These  j)0ssihilities  of  extending  the  area  brought  under  cultivation 
differ,  of  course,  from  those  mentioned  earlier  of  increasing  the  yield  jier 
acre,  in  one  very  important  respect:  they  call,  not  only  for  heavy  capital 
I  expenditure  on  the  construction  of  reservoirs  and  irrigation  systems,  hut 
( also  for  further  heavy  capital  exj)endilure  to  finance  the  colonization  of  areas 
previously  unused.  The  projects  are  so  vast  that  they  cannot  he  comi)leted 
even  in  the  next  fifty  years.  The  capital  recpiired  for  the  oj)ening  uj)  of 
regions  which  are  still  uninhabited  is  much  greater  than  that  which  was 
re(|uired  fifty  years  ago  and  than  that  which  was  actually  used  for  in- 
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creasing  the  harvest  in  regions  alreadv  inhabited  and  in  use. 


The  opening  up  and  bringing  under  cultivation  of  new  areas  in  the  various 
continents  will  he  done  mainly  by  the  white  races,  who  will  be  called  ui^on 
to  j)rovide  the  farmers,  engineers  and  jjersonnel  for  training,  as  well  as  the 
capital.  All  countries  which  are,  or  which  may  in  the  lutine  become,  over- 
populated  will  thus  find  themselves  presented  not  only  with  outlets  for 
a  consideralde  discharge  of  their  surplus  population,  but  also  with  great  scope 
for  their  work. 

The  increase  of  yields  per  acre  and  the  extension  of  the  areas  under 
cultivation  make  it  definitely  certain  that  even  in  the  second  half  ol  the 
2()lh  century  food  production  will  increase  faster  than  the  population,  i)ro- 
vided  only  that  reason  triumphs  and  i)eace  is  preserved.  The  sj)ectre  of 
Iworld  famine  has  been  banished  by  develoj)nienls  on  the  firm  foundation 
of  thousands  of  experiments  based  on  scientific  knowledge,  and  on 
thorough  investigalio'ii  in  all  kinds  ol  fields,  such  as  Malthas  cannot  ha^e 

foreseen. 

It  would  be  unwise,  however,  to  ignore  the  fact  that  these  favourable 
prospects  are  liable  to  be  thrown  out  by  various  a\Nk\\aid  factois. 

1.  Cultivated  soil  is  itself  a  living  organism.  A  (piestion  which  is  worrying 
the  experts  is,  therefore,  whether  it  is  like  jilants,  animals  and  binnan 
lieings,  and  subject  to  fatigue  and  ageing.  Is  the  formation  of  arable  soil 
out  of  inert  rock  the  beginning  of  a  luocess  of  decadence  and  old  age.  Is  the 
fertility  of  the  soil  something  which  comes  into  being  and  then  disappears. 
2  'nie^mrely  mechanical  destruction  of  arable  land  liy  the  erosive  el  tec  s 
of  rain  and  of  the  rivers,  and  as  a  result  of  its  tillage,  reduce  its  area.  China  e 
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has  ail  aggravating  effect  in  this  connexion,  which  innst  be  counlered  liy  the 

jilaniing  of  protective  liells  against  the  wind.  ^ 

3.  Wilfthe  law  of  the  action  of  growth  factors,  worked  out  liy  Eilscherlich, 
a  pupil  of  the  Ihiiversity  of  Kiel,  alter  50  years  experience,  limit  lutuie 
increases  of  yicldV  According  to  this  law,  increases  ol  yield  are  not  obedient 
to  a  linear  relation,  as  was  believed  by  Mai  thus  and  Liebig,  hut  to  a  loga¬ 
rithmic  curve,  with  the  result  that  each  extra  unit  of  yield  calls  for  greater 
expenditure  than  that  which  preceded  it,  or,  to  use  a  simpler  lormula,  that 
“the  latest  unit  of  production  is  the  most  expensive”.  This  law  of  liiology 
holds  good  for  every  kind  of  organic  jnoduclion,  lor  all  living  lieings,  in^ 
every  continent,  for  all  kinds  of  soil  and  for  all  climatic  zones.  It  is  a  iunda- 
inenlal  law  of  biology.  Consecpiently  we  must  not  expect  future  increases 
of  yield  j)er  acre  to  i)ring  about  a  reduction  of  the  cost  of  the  means  of 
existence. 

Ignoring,  for  the  moment,  however,  all  economic  consequences,  I  will  sum 
up  as  follows: 

The  doctrine  of  Malthus  and  his  successors  has  not  been  confirmed,  cither 
in  the  19lh  or  in  the  20th  century,  in  cither  of  the  two  following  respects: 

1.  The  population  has  not  increased  by  a  long  way  at  the  rate  exj)ected  hv 
Malthus  on  the  basis  of  the  facts  which  he  had  carefully  collated.  He  ex¬ 
pected  a  doubling  of  the  population  in  25  years,  but  in* fact  tins  took  lOO 
years!  dbe  signs  are,  moreover,  tbat  it  will  take  place  even  more  slowly 
in  the  future.  We  must  reckon,  however,  tbat  in  the  year  2000  the  world  will 
have  a  j)oj)ulation  of  about  3  000  million  people. 

2.  hood  production,  on  the  other  hand,  has  increased  far  more  rapidlj^  than 
Malthus  could  expect  on  the  basis  of  the  knowledge  of  bis  era.  The  develop¬ 
ment  ol  agiicultural  cbemistry  altei'  Liebig  gave  lood  production  such  a 
thrust  lorward  tbat  it  doubled  itself  in  (5(3  years,  while  the  j)0])ulation  was 
taking  100  years  to  do  likewise.  Everything  goes  to  indicate  that,  in  the  next 
oO  years  also,  lood  production  will  increase  faster  than  the  population.  The 
extent  to  which  lood  production  will  increase  will  be  determined  bv  the 
development  of  the  underdeveloped  countries,  which  are  inhabited  bv'^two- 

mds  of  the  worlds  population.  This  forecast  is  onlv,  as  I  have  indicated 

in  iny  heading,  up  to  the  year  2000.  It  would  be  impossible,  at  the  present 
time,  to  lorecast  beyond  that.  pie.J»uu 

■Iboul' The  n,!,T  "  'If  ''  sciem-o  ficlion 

about  the  fuluie,  by  Hans  Donimik,  wliicli  \vc  liavc  seen  and  are  scein" 

loine  true  in  certain  lields,  liul  is  solidiv  liased  on  seientilie  knowlcd-'o 
,-n„nie,,.lr’i;"  I);™!?'',?  f  ati-icunure.  This  claim  may  be 


aotnetiiiies  exteinW  otC 

unreason  in  Xi'an  ''I'S  firstly,  the  depth  of 
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in  produclion,  l)ul  in  the  l)alance  l)i'l\veen  Ihose  terrilories  where  there  are 
surpluses  and  those  where  there  are  deliciencies  —  between  ricli  countries, 
which  cannot  sell  their  surj)hises,  and  poor  ones,  which  arc  short  of  food, 
\  hut  which  have  not  the  means  to  huy  the  suipluses  available  from  the 
lormer.  lhat,  however,  is  a  problem  of  international  organization,  and 
therefore  relates  to  a  quite  ditferent  fields  of  human  activity. 

d'hose  who  doubt  my  conclusions  will  argue,  of  course:  why,  if  things 
are  as  you  state,  is  it  that  more  has  not  l)een  produced  in  the  past?  I  can 
answer  that  in  a  few  words,  as  follow: 

'  Progress  is  slower  in  all  fields  of  agriculture  than  in  a  trade,  industry  or 
science.  The  full  exploitation,  in  the  broadest  sense,  of  any  knowledge  in  the 
science  of  agriculture  takes  about  dO  years,  for  the  following  reasons: 

1.  Because,  in  Germany  alone,  it  must  he  adopted  in  2‘8  million  farms,  and 
in  the  world  as  a  whole,  in  100  million  farms,  with  the  most  varied  con¬ 
ditions  as  regards  climate,  soil  and  economics. 

2.  Because  the  training  of  the  younger  generation  of  jjeasants,  as  compared 
with  that  of  other  professions,  is  woefully  backward  in  many  countries, 
including  Germany.  The  young  jieasant  is  not  obliged  to  go  to  any  profes¬ 
sional  school,  or  to  acquire  any  certificate  of  jiroficiency,  as  are  his  counter- 
jiarts  in  any  other  ])rofession. 

If  agricultural  production  is  to  increase  in  the  future,  the  Ministry  of 
Science  and  Education,  in  all  countries,  has  as  much  responsibility  as  lhat 
of  Food  and  Agriculture.  It  depends  on  both  of  them: 

1.  That  research  in  the  vast  field  of  agricultural  science,  in  the  widest  sense, 
shall  be  not  merely  maintained  but  intensified,  because  the  saying.  The 
last  step  in  knowledge  costs  the  most”,  is  true  here  also,  in  a  modified  sense. 

2.  That  the  training  of  the  whole  of  the  peasantry  in  accordance  with  the 
advance  of  agricultural  science  shall  he  imjiroved  to  such  a  degree  that  the 
Jieasant  will  "understand  how  to  apjily  new  discoveries  correctly. 

'khe  further  science  advances,  the  heller  must  he  the  training  of  those 
who  must  ultimately  aj>ply  its  new  discoveries.  Not  one  peasant  in  every 
hundred,  but  every  ]*)easanl  must  understand  and  must  be  able  to  apply  the 
achievements  of  agricultural  science.  Agricultural  science  does  not  want 
only  to  make  new  discoveries;  it  wants  to  see  them  apjilicd.  I  he  most  im- 
jiorlanl  measure  to  ensure  the  feeding  ol  a  growing  po'jndalion  is  the  training 
of  the  young  peasant  who  tills  the  fields  and  feeds  the  cattle.  M  ilhout  that 
the  achievements  of  agricultural  science  can  jiroduce  no  etfecl.  ^ 

It  is  truer  todav  than  when  it  was  said  by  Liebig  100  years  ago:  i /le 
luisc  man  knows' lhat  no  great  advance  is  possible  in  our  world  wdhont 

'*^May^  our  conduct,  our  thinking  and  our  work  he  always  guided  by  the 
epigram: 

Salas  populi  siiprema  lex 

(Mav  the  good  of  the  jieople  he  our  sujueme  law). 


THE  FOOD  E('>ONOMV  OF  TH12  WOULD 

l)y 

Midicl  Cejwde,  Professor  of  Rural  lu'onoiiiy  and  Sociology 
al  the  National  Inslitule  of  Agricullnre,  Paris 


■  Food  economy  today  is  dominated  by  the  lact  that  two-thirds  of 
world’s  j)opulation  is  undernourished,  al  a  time  when  there  is  talk  of  food 
[surpluses  and  of  agricultural  “oyer-[)roduction  .  lhat  this  lact,  ohsei\ed 
during  the  crisis  of  the  lOdO’s,  was  no  accident,  has  been  proyed  since  lhe;i 
|)y  the  way  in  which  sur])luses  apj)eared  again  immediately  post-wai 
reparation  of  damage  done  during  the  second  \\  orld  Wai’  made  it  possible 
io  raise  the  world’s  agricultural  production  per  head  of  population  to  the 
leyels  jneyalent  during  the  years  ItKU-dS,  and  are  now  seriously  worrying 
producers. 

1  It  is  not  technical  difficulties  which  are  acting  as  a  brake  on  agricultural 
production,  and  which  seem  likely  to  preyenl  it  from  achieying  its  1960 
targets,  as  set  for  it  by  F.A  ().  in  so  much  as  a  set  of  “economic  ’ 

conditions  —  the  same  set  as  is  responsil)le  for  the  existence  of  under- 
[nourishment  in  a  period  of  so-called  “oyer-j)roduction”,  of  poyerty  in  the 
midst  of  abundance,  indeed  of  poyerty  due  to  abundance. 


In  order  to  analyse  this  situation,  we  must  begin  by  deciding  on  some  unit 
ol  measurement  which  is  not  affected  by  fluctuations  of  ])rices,  and  which 
Igiyes  a  lair  idea  of  actual  production,  such  as  the  level  of  food  values.  We 
might  take,  as  a  lirst  approximation,  the  vegetable,  or  original,  calorie, 
|which  has  been  used  to  make  estimates  of  food  ])roduction,  in  order  to  lake 
into  account  the  lad  that  animal  products  (milk,  meat,  eggs  etc.)  result  from 
the  translormation  of  vegetable  products  consumed  by  animals.  This  trans- 
lormation  is  extremely  inefficient,  as  is  shown  by  the  fact  that  it  is  estimated 
that  an  animal  must  consume,  on  an  average,  7  vegetable  calories  to  produce 
1  caloi  ie  ol  human  tood.’  here,  howevei',  the  vegetable  diet  is  imj)royed  in 

quality  as  well  as  in  quantity,  the  production  of^mimal  calorics  is  corres- 
ipondingly  increasedy 

It  the  diet,  measured  in  ultimate  calories,  hai'dly  varies  from  once  to  twice 
helween  tamme  and  i)lenly,  in  vegetable  calories,  the  situation  is  (luile  dif- 
ercnt.  in  the  world-wide  emiuiry  into  nutrition  carried  out  in  19,‘U-;kS 
a  "e  i-equesl  (,1  llie  League  ot  Naliuus,  II, e  i^esulls  <,f  which  weie  |,ul,lisl,ed 

anrikv;  y!",  f 

/r  laiui'  ■  wn’  I  hdO  calories  a  day,  and  the  New 

me  old  adage  that  a  man  cannot  have  two  stomachs”. 


In  Ihe  daily  diet  ol'  the  average  Korean,  however,  there  are  1  793  calories 
ol  vegetable  products  and  only  111  calories  of  animal  products,  whereas  in 
that  of  the  average  New  Zealander  these  figures  are  2  254,  and  1  027  calories, 
respectively.  This  means  that  the  diet  of  these  two  peoples  is  the  following; 


Korea  ;  1  793  +  (  111)7  —  2  570  vegetable  calories 

New  Zealand;  2  254  +  (1  027)7  =  9  443  vegetable  calories 


This  shows  a  ratio  of  a  little  under  4;1,  hut  if  a  com])arison  is  made  between 
some  other  extreme  cases,  not  in  final,  but  in  vegetable  calories,  the  figure 
may  well  be  surpassed,  that  for  Java  and  New  Zealand,  for  instance,  being 
nearly  4;5.  In  other  words,  it  required  4  times  as  much  agricultural  produce 
to  feed  a  New  Zealander  in  1934 — 38,  as  to  feed  a  Korean  or  a  Javanese. 

If  the  concrete  facts  are  expressed  in  vegetable  calories,  they  show  that 
food  consumption  is  not  as  inelastic  as  “economists”  have  hitherto  pretended. 
As  the  health  level  is  very  closely  related  to  that  of  nutrition,  expressed  in 
vegetable  calories,  the  latter  mav  be  taken  as  a  reliable  criterion  bv  which 
to  measure  both  the  production  and  the  consumption  of  food'*. 

*  ★  ★ 


An  “economic”  system  should,  on  the  one  hand,  promote  the  production 
required  for  the  satisfaction  of  the'  needs  ot  the  world,  and  on  the  olher, 
render  possible  the  exchanges  whereby  products  may  be  distributed  in  such 
a  way  as  to  satisfy  as  well  as  possible  the  world’s  varying  needs.  In  relation 
to  “the  first  freedom;  freedom  to  eat”%  it  should  be  noted  that  on  the  eve  of 
the  second  World  War  neither  of  the  ends  just  stated  was  being  satisfactorily 

achieved.  ,  ,,  ,  r  i 

Taking  the  world  as  a  whole,  if  its  2  500  million  people  had  all  been  led 

O'!!  the  same  scale  as  the  Danes,  food  j)roduction  would  ha\e  co\eied  onl} 
about; 

31  per  cent,  of  the  world’s  needs  in  cereals  and  tats 
29  per  cent,  of  the  world’s  needs  in  fish 

28  per  cent,  of  the  world’s  needs  in  milk 

26  per  cent,  of  the  world’s  needs  in  potatoes  and  cocoa 

21  per  cent,  of  the  world’s  needs  in  sugar 

and  9  per  cent,  of  the  world’s  needs  in  meat=* 


Aiming  lower,  F.A.O.  estimated  in  1946  that  the  increase  of  agricultural 
production  necessary  and  jiossible  between  1937  and  1960  would  be; 


21  per  cent  for  cereals 
27  per  cent  for  roots  and  tuliers 
12  fier  cent  for  sugar 
34  jier  cent  for  fats  and  oils 
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80  per  eenl  lor  dry  vegetables 
163  per  cent  for  fruit  and  green  vegetables 
46  per  cent  for  meat 
too  per  cent  for  inilk^ 

The  world’s  agricultural  production  will,  in  fact,  be  doubled. 

It  is  well  known,  however,  that  even  these  limited  targets  will  not  be 
achieved  at  the  present  rate  of  progress,  and  that  the  index  figure  for  1960/61 
will  be  barely  140,  instead  of  200,-  for  there  are  already  places  where  prices 
are  tending  to  fall  seriously  —  world  prices  for  cereals,  sugar,  fats  and  milk 
products  are  falling  to  levels  which  make  it  impossible  to  export  at  prices 
acceptable  to  the  producers.  If  it  were  not  for  measures  taken  by  various 
governments,  and  notably  by  that  if  the  United  States,  to  keep  up  the  prices 
paid  to  producers,  the  agricultural  production  of  the  world  would  be  tending 
to  recede,  when  it  should  be  continuing  to  expand. 

What  can  be  said,  next,  about  tlie  distribution  of  production,  and  of  the 
food  made  available  by  international  trade?  Will  the  principle  that  the 
I  j)ursuit  of  I'rivate  profhs  assures  the  most  useful  distribution  of  wealth  be 
•  ])roved  wrong,  as  has  l)een  that  which  went  before  it,  that  this  pursuit  assures 
maximum  j)roduction?  Ihe  sim})le  table  given  below,  in  which  llie  data 
I  collected  in  the  world-wide  enquiry  of  1934-38  are  used  again,  proves  that 
exchanges  ot  foodstutts  during  that  period  tended  to  be  insufficit'.nt  to  meet 
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the  world’s  most  urgent  needs. 


I 


Food  Pro-  Food  Con¬ 
duction  sumption 


Export  Po'ssibilties  (-f) 


or 

Import  Requirements  ( — ) 


In  vegetable  calories  per  person 
per  day 

(figures  very  approximate) 


As  a  per¬ 
centage  of 
production 


North  America 
Latin  .\merica 
Western  Europe 


10  000 
7  050 
5  250 
4  GOO 
2  750 


8  577 

3  870 
6  845 

4  G50 
2  871 


+  1  423 
+  3  180 

—  1  595 

—  50 

—  121 


+  14-23 
+  45 

—  30-4 

—  1-09 

—  4-4 


U.S.S.R. 

East  Asia 

Certain  islands 
in  S.  E.  Asia 


2  750 


2  GIO 


+  no 


+  4 


dion  prior  to  1939  met  hardly  moi  e 
icit  was  covered  by  importing  on 
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a  very  large  scale  from  counlries  overseas  wilh  far  lower  produclivily,  which, 
with  the  exception  of  the  United  Slates,  were  able  to  export  food  only 
because  ol  the  low  levels  ol  nutrition  of  their  own  inhahilanls.  If  the  levels 
of  nutrition  in  all  these  countries  had  been  the  same  as  that  of  the  Ihiiled 
Slates  during  the  period  wilh  which  we  are  dealing,  19d4-.‘l(S,  the  United 
Stales  alone  would  have  been  in  a  iiosilion  to  ex])orl  food. 

Moreover,  the  disparity  in  production  between  the  various  regiojis  is 
increasing,  as  is  shown  l)y  the  fact  that  the  food  production  j)er  head  of 
populalio'n  for  the  years  1952  5d  and  1955/54  weie:  for  the  whole  world, 
101  and  102;  for  North  America,  125  and  119;  hut  for  easf  Asia,  <S5  and  87.- 
Il  is  clear,  therefore,  that  the  inhahilanl  of  east  x\sia,  with  an  income  of 
the  order  of  one-lhirlielh  of  that  of  his  North  American  counterpart,  cannot 
buy  from  the  latter  any  of  his  disposable  surplus  unless  the  normal  “laws” 
of  the  market  are  somehow  modified. 


It  is  noteworthy,  moreover,  that,  in  all  the  counlries  where  the  j)rimary 
needs  of  the  people  are  not  satisfied,  the  demands  of  grou])s  with  con¬ 
siderable  j)urchasing  })ower  for  the  satisfaction  of  their  .secondary  needs, 
and  even  for  luxury  goods,  produce  a  profitable  market  which  diverts  the 
limited  means  available  from  the  jnodnclion  of  basic  toods.  As  has  been 
aptly  remarked  by  M.  P.  \’inol,  the  pyramid  ol  needs  is  “hollow  . 
Economic  j)rogress  demands  a  policy  in  relation  to  purchasing  power  wiiich 
will  remedy  this  situation.^ 


Such  a  j)olicy  cannot  alone  solve  the  piohlem,  however,  lor  the  natural 
fluctuations  of  harvests,  aggravated  by  the  ellecls  ol  King’s  law,  may  con¬ 
tinue  for  a  while,  on  account  of  Ihe ‘“lime-lag”,=5  to  keep  food  production 
below  the  level  required  for  the  salisfaction  of  demand.  Where,  as  in  this 
case,  it  is  a  question  of  essential  needs,  the  salislaclion  of  which  go\eins 
actual  j)roduction,  one  cannot  rely  on  the  machinery  ol  the  inaikel. 

As  far  hack  as  the  16lh  century,  we  had  Jean  Podin  writing:  “/  make  an 
exceplion  of  wheal,  Ihe  markeling  of  which  should  be  conlrolled  heller  limn 
it  is.  For  we  (jo  on  hrwimj  innumerable  periods  of  huih  ju’ices  and  jamine, 
for  Ihe  lack  of  such  proper  control...  The  waij  in  which  order  mi()hl  be 
produced  in  this  connexion  is  to  luwe  in  each  town  a  Public  (itanaiij,  as 
used  to  be  done  in  properhj-run  lowns,  and  lo  replace  each  ijcar  the  ok 
qrain  which  has  been  drawn  from  it.  By  so  doiny,  we  can  insure  ayain.sl 
seeinq  the  prices  go  up  as  high  as  they  have  done,  because,  besides  making 
provision  for  bad  harve.sts,  we  would  acquire  the  monopoly  now  held  by 
the  merchants  who  sow  all  Ihe  wheat,  and  who  often  buy  d  up  before  it  is 
ripe,  so  as  lo  be  able  to  fix  the  prices  as  they  want  .  A  centui>  lalei,  \  auhc 
proposed  lo  Louis  XIV  a  system  of  slock-pilmg  ol  which  Lord  Keynes  w  iiM 
hardlv  have  disaiiproved,  and  which  hears  some  resemhlanca^  lo  Ihc  Linei 
Normal  Granarv  of  the  Agricultural  Adjustment  Act  ol  1958. 

As  has  been  .^ai.l  by  Pr.-lessor  A.  An, a.-  “Al  Ihe  end  of  ‘p  <■'!;;  "  ‘"I'-  ;;; 

capitalisl  sii.dem  is  incnpnhie  of  eomlnnm;j  increased  proditchon  imlh 
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nmnlenance  profit  Icvoh.  If  those  eve  s  are  to  be 

nrice  shortanes  mast  be  defeatal  artilieiathi.  ^  system  wlucU  is  I 

the  idea  of  profits  ends  ap  bij  kittinu  itself.  The  world  of  monep  has  thus 

landed  itsct  in  a  .situation  whieh  is  ridicnloas,  for  eapdahsl  economi/  can 

.survive  onto  bn  detiberaletij  workinr/  below  its  eapacilij.  and  is  I  has  in 

a  blind-alleii  from  which  it  can  extricate  ilscll  onlii  by  deniiiiuj  its  own 

princiiAes^’. 

In  savini*  tliis,  he  is  ex]K)sin^  again  Ihe  coiilradiclion  l)el\\een  leal  eco 
nomics”,  “ilie  art  of  acquisilioii”,  which  ^'confines  itself  to  the  prociirinu  0/ 
the  goods  necessarg  for  life  and  usejul,  either  to  the  household  or  to  the 
State'’,  and  whal  il  lias  l)ecoine  as  Ihe  result  of  the  inlervenlion  ol  the 
market,  descrihed  hy  Aristotle  as  “crematory”,  for  which  ’‘the  circulation 
of  goods  and  nioneij  is  the  source  of  wealth”,  and  which  “seems  to  pivot 
around  inonei/,  because  nwneij  is  the  beginning  and  the  end  of  this  kind 
of  exchange”.  Karl  Marx’  look  up  the  term  used  hy  Aristotle  and  has  also 
done  more  justice  to  the  physiocrats  and  their  predecessors,  \  auhan,  llois- 
guillehei'l  and  Petty.  He  certainly  made  a  heller  study  than  did  the  “eco 
nomisls”  of  his  lime  of  the  processes  of  jiroduction,  hut  he  neglected  almost 
as  conijilelely  as  they  did  the  mailer  of  consumjilion,  and  il  w^ould  lie  dif¬ 
ficult  to  deny  that  he  thought  that,  with  the  aid  of  technological  jirogress, 
a  belter  system  of  sharing  out  and  dislrihulion  would  he  enough  to  jiroduce 
a  reign  of  justice  and  abundance. 


Studies  conducted  in  accoidance  with  the  scientific  princijiles  first  laid 
down  l)y  Aristotle  for  the  jjursuit  of  human  knowledge  no  longer  leave  room 
for  the  same  optimism  as  before  either  as  i-egards  produclioiP  or  as  regards 
consumption”,  d'he  conclusions  to  which  they  have  now  led  may  serve, 
however,  as  a  loundalion  of  an  economic  science  on  which  political  action 
may  he  taken^”.  Prices  and  markets  are  no  longer  seen,  excejit  hy  a  few  old- 
lashioned  adherents  ol  the  classical  “Political  Economy”,  as  dominated  1)\' 
LaN\s  which  we  cannot  hut  accept,  hut  as  factors  which  can  he  ada{)led  at 
will  for  the  attainment  of  a  j)olicy  of  exj)ansion  and  well-being. 

It  is  thanks  to  such  a  ])olicy  that  the  L  niled  Stales  lound  it  j^ossihle  to 
ensure  the  brutal  expansion  of  their  agricultural  production  during  the 
second  M  orld  War,  and  have  been  able  to  maintain  it  thereafter  far  hevona 
the  hunts  which  “the  free  play  of  the  market”  would  have  imposed,  (nia- 
lanleed  prices  to  the  jiroducers,  and  special  prices,  or  even  gifts,  to  certain 
consumers,  both  at  home  and  abroad,  are  the  means  which  have  been  used 
to  Keej)  llie  economic  machine  moving. 

It  IS  hy  deliberate  action  to  restrict  exports  which  deprive  the  nonulalion 
ol  essenlial  producls  ao,l  wl.icl,  also  destrov  Ihe  produc  he  canaZ  of  ^ 
counlry  that  India  has  l^een  able  lo  hnprove  Ihi  l^v  I  n  u  U  0  of  heJ 
popnlahon.  Ihe  hesl-Unown  exa.nple  of  this  policy  is  provide  In  ^ound 
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iiuts,  clearly  governed  by  llie  variations  of  South-North  trade  in  this  product 
thiough  the  Suez  Canal.  India  has  iaith  in  this  line  of  progress,  which  China 
abandoned  in  1950  and  1951: 


South-North  Trade  in  Groundnuts® 
(thousands  of  tons) 

1937 

1947 

1948 

1950 

1951 

Total 

1  032 

38 

98 

205 

198 

Including:  India  .... 

876 

25 

76 

38 

37 

China  .... 

64 

8 

6 

74 

123 

So  far  as  France  is  concerned,  the  evolution  of  her  food  economy  after 
the  end  of  the  shortages  due  to  the  war  has  been  towards  a  healthy  policy 
of  supply  suitable  for  a  Western  Europe  which  can  no  longer  live  on  the 
“pound  of  flesh”  extorted  from  countries  which  it  formerly  dominated,  and 
which  are  still  under-developed  and  imder-nourished: 


1 

France 

Food  Diet  Level  and  Foreign  Trade  in  Food  Products'* 
(Wines,  ciders,  beers  and  other  beverages  excluded) 

(Per  head  per  day) 

In  ultimate  calories 

0  ' 

In  vegetable  calories 

0/ 

/o 

Food 

Diet  level 

Net 

imports 

/  0 

Food 

Diet  level 

Net 

imports 

1934—38 

2  755 

757 

28‘6 

6  399 

779 

17‘2 

1953—54 

2  812 

109 

4‘9 

7  118 

120 

1‘76 

Let  us  leave  it  to  the  “crematory”  theoreticians  to  mourn  over  “the  tra¬ 
ditional  currents  of  international  trade”  and  to  protest  against  the  anti- 
economic”  measures  lalam  to  obtain  these  results  despite  their  elloits  for 
a  “freeing  of  exchanges”  and  a  return  to  “])arities  of  exchange  .  Let  us 
simply  remind  them  that,  although  G.A.T.T.  ((ieneral  Agreement  on  larifts 
and  Trade)  has  not  felt  bound  to  apply  Article  VI  ot  the  Havana  Chartei, 
that  Article  is  applicable  to  all  basic  products,  and  therefore  to  all  agri¬ 
cultural  products,  and  that  nothing  could  be  more  “liberal”  than  it  m  spiiit. 

After  the  first  World  War,  Part  XIII  of  the  Treaty  of  Versailles,  which 
created  the  International  Labour  Organization  (I.L.O.),  declared  that 
labour  is  not  a  commodity  wbich  can  be  left  exposed  without  protection 

to  the  so-called  “laws  of  the  market  . 


.  The  greatest  step  forward  which  could  be  registered  after  the 
World  War  would  be  the  recognition  that  food  is  not  just  a  conui 
conZdity  like  the  others,  and^hat  it  is  the  duty  of  all  Slates  to  promo  e 
a  food  policy  which  is  really  “economic”,  or  in  other  words 
calculated  to  “procure  the  goods  necessary  lor  life  and  useiul,  ei  hei  to  the 
household,  or  to  the  State”'.  Such  a  policy  must  be  judged,  like  the  tree  iii 
the  Bible,  by  its  fruit,  and  not  by  its  respect  for  the  false  gods  of  the 

“crematory”.  .  , 

Instead  of  leaving  the  “anti-economic”  measures  w'hich  are  mdispensible 

for  a  real  econoni}'^  to  be  denounced  by  the  priests  of  Mammon,  the  God  of 
Money,  we  must  organize  them  on  a  world-wide  scale,  so  that  men  will 
feed  better,  be  more  healthy,  produce  more,  and  eventually  achieve  the 
standard  of  well-being  made  possible  by  the  teclmological  level  of  our 
civilization. 
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SOIL  AND  MAN 

Professor  Firiiiaii  E.  Bear, 
Bulgers  University,  U.S.A, 


Should  Ihe  nalure  ol  the  soil  be  lal^en  into  consideration  in  choosing 
a  locality  in  which  to  live  and  bring  u])  a  family?  Does  it  make  any  dif- 
terence  whether  the  beans  and  bananas,  cabbage  and  cauliflower,  oranges 
and  o-nions,  peas  and  potatoes,  rye  and  rice,  tea  and  tomatoes,  wheat  and 
wine  we  eat  and  drink  were  grown  on  soils  that  were  formed  from  granite, 
limestone,  sandstone,  or  shale? 

Is  a  soil  that  has  long  been  subjected  to  heavy  rainfall  capable  of  produc¬ 
ing  as  nutritious  feed  and  food  croj)s  as  one  that  is  located  in  a  drier  regicm? 
If  not,  would  it  he  desirable  for  those  who  live  in  high-rainfall  regions  to 
im])ort  food  from  drier  regions  or  irrigated  arid  lands?  Should  missing 
mineral  elements  required  by  animals  and  man  hut  not  by  plants  be 
supplied  by  way  of  the  soil  and  crop  rather  than  as  suj)i)lemenls  to  the 
salt  that  is  consumed? 

Would  it  be  desirable  to  subslilule  seasalt,  with  its  great  variety  of  mi¬ 
neral  elements,  for  the  nearly  pure  sodium  chloride  of  conimon  salt  now 
in  use?  Or,  would  it  he  ])referahie  to  make  supplemental  use  of  a  synthetic- 
salt  mixture  comparable  to  that  of  the  ash  of  j)lanls  grown  in  mineral-rich 
soils?  If  the  mineral  elements  needed  by  man  were  supplied  in  a  balanced 
salt  mixture,  should  this  he  made  of  organic  or  inorganic  salts? 

Is  it  imj)orlanl  to  animals  and  man  whether  farmers  in  acid-soil  regions 
lime  the  land  on  which  feed  and  food  cro})S  are  being  grown?  Does  it  make 
any  difference  to  the  consumer  whether  the  sup{)lies  of  nitrogen  and  mineral 
nutrients  in  the  soil  are  lenewed  by  applications  of  chemical  fertilizers 
rather  than  by  the  use  of  legumes  and  animal  manures? 

Do  the  chemically-very-differenl  grey,  brown,  black,  yellow  and  red  soils 
of  the  Earth  produce  widely-ditlerent  plant  products  that  pul  their  resj)ecl  - 
ive  maiks  on  the  animals  and  men  consuming  them?  It  so,  are  these  dilfei- 
ences  in  effects  due  to  ditlerences  in  the  mineral  or  the  oiganic  qualilits 
of  the  j)lant  produce,  or  to  both? 

If  the  mineral  or  organic  (pialily  of  the  [)Iant  j)roduce  ol  any  gi\en  soil 
needs  to  he  improved,  can  this  l)esf  he  done  by  fertilizing  the  soil,  by  breed¬ 
ing  heller  plants  of  the  same  sjicies,  by  growing  other  sj)ecies  of  plants,  or 
hv  making  use  of  sui)plemenlal  foods,  natural  or’faclory-  synthesized,  con¬ 
taining  the  missing  constituents?  Can  a  purely-plaiil  diet  he  made  equal  \ 
as  satisfactory  foreman  as  one  that  is  supplemented  by  the  edible  products 

of  animals?  .  ,  ,, 

'khese  (lueslions  are  not  i-aised  with  the  thought  of  dealing  directly  willi 

them,  since  many  doubts  exist  as  to  what  the  answers  to  many  ol  them 
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sliould  l)e.  The  Ihoughl  is  rallier  that,  with  Ihese  qiieslioiis  in  mind,  one 
can  see  more  clearly  llie  need  for  considering  the  fimdamenlal  principles 
involved  in  food  production.  Only  then  can  dependable  conclusions  he 
drayn  concerning  the  soil  in  relafion  to  the  mineral  and  organic  nuliition 

of  man. 

Rocks,  and  the  soils  formed  from  them,  constitute  the  nutritional  start¬ 
ing-point  for  all  the  living  things  inhahiting  the  Earth.  This  apiilies  whether 
these  organisins  live  on  the  land,  in  the  fresh  water  of  the  riveis  and  lakes 
that  flow  from  it,  or  in  the  saltwater  of  the  seas  that  surround  it.  Certain  of 
the  mineral  elements  in  rocks  and  soils,  certain  of  the  gases  in  the  atmos¬ 
phere  in  and  above  the  soil,  and  the  Avater  that  is  stored  within  the  soil 
constitute  the  huilding  blocks  out  of  which  all  living  things,  whether  plant 
or  animal,  are  made. 


But  soil  varies  in  its  mineral  makeup  all  the  way  Iroin  that  of  the  un¬ 
washed  desert  sands  to  that  of  the  highly  insoluble  residue  that  remains 
in  the  humid  tropics  after  the  rains  of  the  centuries  have  carried  all  the 
soluble  substances  out  to  sea.  Virtually  all  soils  are  highly  productive  when 
first  put  to  the  plough,  assuming  adequates  su])j)lies  of  water.  Ifut  they 
vary  markedly  in  their  lasting  properties  for  croj)  ])roduction.  They  differ 
greatly  in  colour  and  j)articlc  size.  And  differences  in  soils  are  still  more 
aiq)arent  to  the  chemist  who  submits  them  to  careful  laboratory  examination. 

'ihese  ditlerences  in  soils  may  be  due  not  only  to  differences  in  the 
chemical  composition  of  the  rocks  from  which  they  were  formed  but  to 
dillerences  in  the  nature  of  the  climate  to  which  the  rocks  and  soils  have 
been  subjected  as  well.  And  the  kinds  of  plants  associated  with  the  soil- 
climate  comi)lex  are  highly  important,  since  plants  affect  the  nature  of  the 
soil  on  which  they  grow,  and  they  become  a  part  of  the  soil.  Finally,  the 
factoi  t)4  time  is  involved.  Some  soils  are  young  and  changeable.  Others 

are  mature  and  stable.  And  still  others  are  in  advanced  stages  of  decadent 
old  age. 

O 


1  he  younger  a  soil  the  more  closely  related  it  is  to  the  l  ock  material  that 
went  into  its  making.  Some  of  our  most  iiroductive  soils  have  lieen  derived 
trom  great  glacial,  loessial,  and  volcanic-ash  deposits  that  have  been  laid 
down  during  relatively  recent  times.  And  the  alluvial  soils  that  cover  the 
Nyde  loodplains  of  the  great  rivers  of  the  Earth  consist  of  accumulations 
luh  topsoil  that  have  been  carried  downstream  from  higher  elevations 
(uei  long  periods  of  tune.  'Bhese  young  soils  are  normallv  very  rich  in  all 

'*>■ 

Given  lime,  however,  clinmtic  faelors,  loeelhei-  will,  lho.se  ol  Ihe  associoloH 
and  \cgetati\e  emiroiiincntal  conditions  have  hecoine  esspllli•nl^v  -f 
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of  such  \videly  diverse  origins  as  graiiile,  liineslone,  and  shale  may  come 
to  have  virtually  identical  properties. 

Ihe  agricultural  soils  of  the  Earth  can  be  conveniently  classified  into 
four  great  groups,  based  i)rimarily  on  the  long-term  effects  of  the  climate 
and  associated  vegetation  on  the  underlying  rock  materials.  These  include 
the  grey-red  desertic  soils,  the  brown-hlack  chernozemic  soils,  the  grey- 
hrown  podzolic  soils,  and  the  yellow-red  latosolic  soils,  with  transition 
groups  of  intermediate  properties  in  between.  A  fifth  laige  group  would 
include  all  the  alluvial  soils,  such  as  are  found  in  the  valleys  of  the  Nile, 
Ganges,  Amazon  and  Mississippi  Rivers. 

'I'lie  grey-red  desertic  soils  were  formed  under  arid  conditions  and  little 
or  no  vegetation.  Their  chemical  composilion  closely  resembles  that  of  the 
underlying  rocks,  subject  to  such  movement  as  has  been  effected  by  violent 
winds  and  the  occasional  heavy  downpours  of  rain  that  have  occurred.  They 
have  important  agricultural  value  only  as  they  can  be  brought  under  irriga¬ 
tion.  Mdien  water  is  applied,  they  are  usually  found  to  contain  large  amounts 
of  soluble  salts,  including  the  highly  alkaline  sodium  and  potassium  car¬ 
bonates  and  the  less-alkaline  and  less-soluble  calcium  carbonate.  Such  soil 
are  usually  ver^'  productive,  and  plants  grown  on  them  are  high  in  ash  and 
protein.  The  primary  problem  is  that  of  dealing  with  the  excessive  salinity 
and  alkalinity  that  often  develoj)  when  water  is  applied. 

The  brown-black  chernozemic  soils  were  formed  under  conditions  of 


moderate  rainfall  and  a  natural  grass  cover.  Their  dark  colour  is  due  to 
organic-matter  accumulations  resulting  trom  lush  spring  growth  followed 
by  drier  sunmier  conditions  under  which  the  rate  of  decomposition  ol  the 
accumulated  grass  residues  was  relatively  slow.  The  rainlall  was  suflicient 
to  leach  out  the  readily-soluble  salts,  including  the  alkaline  sodium  and 
potassium  carbonates. 

Rut  the  less-soluble  calcium  carbonate  remained  to  stabilize  the  huiuLis 
compounds  and  to  form  a  calcareous  deposit,  dhe  location  of  this  deposit 
with  reference  to  the  surface  of  the  soil  depends  on  the  amount  of  rainlall 
to  which  the  soil  has  been  subjected  in  relation  to  the  amount  of  evapora¬ 
tion  and  transpiration.  It  may  be  on  to])  ol  the  soil,  a  loot  or  moie 
the  surface,  or  down  deep  in  the  sub-soil.  And,  with  increasing  rainlall,  it 

fmally  disappears  entirely.  ,  .i 

Chernozemic  soils  cover  wide  exjianses  ol  land,  such  as  the  great  whea  - 
-rowing  region  of  the  Ukraine  in  the  U.S.S.R.  and  the  ecpially  large  corn 
and  wheat  hells  of  the  United  Stales,  of  North  America  and  o  Argentina 
in  South  America.  These  soils  are  highly  productive  ot  virtually  an\  ciop 
that  is  suited  to  their  climatic  environment.  Such  crops  nichide  the  acid- 
sensilive  alfalfas  and  sweet  clovers  that  are  noted  tor  their  high  content  o 


nroleins  and  mineral  elements.  , 

During  favourable  vears  high  acre  yields  of  high-quality  crops  are  ^ 

on  these  soils.  And  these  soils  have  lasting  properties  in  that  lhe> 
to  1)0  jiroduclive  for  many  years  after  being  tirsl  jilanlcd  to  crops,  le  n 


troublesome  limiting  factor  is  the  frequent  lack  of  adequate  rainfall  mael 
crop  requirements.  This  ap]dies  particularly  to  the  drier  portions  of  these 
soil  areas  where  wheat  becomes  the  dominant  small  gram  and  corn  is 
largely  replaced  by  the  drought-resistant  grain  sorghums. 

The  grey-brown  podzolic  soils  predominate  over  the  cooler  and  moister 
agricultural  regions  of  the  Earth.  These  soils  were  formed  under  conditions 
of  relatively  high  rainfall,  low  evaporation,  temperate  climate,  and  heavy 
forest  vegetation.  They  have  been  subjected  to  more  leaching  than  the 
chernozemic  soils.  Not  only  have  the  soluble  salts  and  alkali  carbonates 
been  dissolved  and  carried  away,  but  the  calcium  carhonate  as  well.  As 
a  result,  these  soils  are  relatively  low  in  mineral  nutrients  and  they  tend  to 
be  strongly  acid.  Their  usefulness  for  agi  icullural  purposes  depends  on  the 
extent  to  which  liming  materials  and  chemical  fertilizers  or  animal  manures 
are  applied  to  them  for  nitrogen-and-mineral-replacement  purposes. 

The  podzolic  soils  owe  their  sj)ecial  inq)ortance  to  the  de])endahility  of 
the  moistui  e  siq)j)lies  and  to  the  long  summer  days  in  the  regions  in  which 
they  exist.  This  makes  them  particularly  valuahle  for  the  production  of 
small  grains,  mixed  hays  and  ])asture  grasses.  And  they  are  very  useful  for 
growing  potatoes,  vegetables  and  coolweather  canning  crops.  Dairying  and 
orcharding  are  important  agricultural  industries.  But  the  high-protein  and 
mineral-rich  perennial  legumes,  like  alfalfa,  do  not  thrive  naturally  on 
them.  To  grow  such  crops  special  attention  must  be  paid  to  liming  the  soil, 
and  heavy  applications  of  phosphate  and  potash  must  l^e  made  as  well. 

The  yellow-red  latosolic  soils  j)redominate  over  the  humid  sub-troi)ical 
and  tropical  regions  of  the  Earth.  The  heavy  rainfall  in  these  regions,  imder 
the  high  temperatures  that  prevail,  have  carried  away  not  only  the  soluble 
salts,  including  all  the  carbonates,  but  a  large  part  ot  the  silica,  a  primary 
constituent  of  most  rock  minerals,  as  well.  Thus,  these  soils  finally  come  to 
consist  largely  of  iron,  aluminium,  and  titanium  oxides.  They  are  not 
stiongly  acid  and  they  do  not  require  such  heavy  liming  as  the  podzolic 
sous.  Any  lime  that  is  applied  has  value  iirimarily  as  a  source  of  calcium 
tor  plant  nutrient  purposes,  and  it  is  important  for  lione  construction  in  the 
men  and  animals  that  consume  the  plants. 

Many  |)co|)lo  have  had  high  hqies  for  llic  agiiculUire  of  llie  Ironies 
(.rookes  once  grew  oralorical  on  this  sulijecl  wi.en  lie  addressed  Ike  British 
Association  lor  the  Advancement  of  Science  some  60  years  ago.  He  said: 

^  ifislend  o[  Iruslinfi  nuiinhi  lo  foodsliiffs  which 

oiiris  ,  ,,,  Icm,, crate  cUmatcr:.  we  probahhj  shatl  (nisi  more  and  more  o 
he  cxlmherant  oodshi[ls  of  the  lroi>ics,  where,  in.dead  of  one-iiearhi  sober 
/inriies  jeopard, red  b,j  am,  shrinkage  of  the  scant,,  i/,ii,.s- «  si  mimr  on  e/ 

Zntr  e"  sill, I, lie.,  «,1  on  i 
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existence  cenlral  Aj'rica  and  Brazil  to  redress  the  balance  of  Odessa  and 
Cdiicacjo”. 

l>iil  many  j)ro])lenis  are  involved  in  inainlaining  adequate  supplies  of 
nilrogtn  and  mineral  nulrienls  in  the  rain-leached  soils  of  these  troj)ical 
regions.  And  loss  of  soil  hy  erosion,  once  the  protective  forest  cover  has  been 
removed,  is  a  very  trouhlesome  matter  to  be  dealt  with.  Stamp  is  more  in 
accord  with  the  facts  when  he  labels  the  rain  tropics  as  “regions  of  lasling 
dij jiciilly'’.  And  De  la  Rue  says:  “The  legend  of  Ihe  inexhauslible  ferlililij 
of  Ihe  soil  of  Ihe  hoi  connlries  has  laken  a  long  lime  lo  kill’. 

(Certain  tropical  soils  that  have  been  derived  from  recent  dej)osits  of  vol¬ 
canic  ash  and  have  a  base  that  can  he  made  to  hold  water  are  highly  pro¬ 
ductive  for  paddy  rice.  Other  areas  of  these  ash-derived  soils  are  excellent 
for  sugar-cane  production  and  for  tropical  fruits.  Some  of  the  best  develoj)- 
ments  along  these  lines  have  ttilven  place  in  Java.  And  very  great  jmssihilities 
with  rice  are  realizable  in  the  Amazon  Valley. 

A  number  of  important  changes  in  the  organic  makc-uj)  of  plants  occurs 
as  we  })ass  from  tlie  irrigated  desertic  soils  through  the  chernozemic  and 
podzolic  soils  of  the  temperate  regions  to  the  latosolic  soils  of  the  tropics. 
The  percentage  of  protein  in  })lants  grows  less  while  that  of  the  carbo¬ 
hydrates  increases.  Albrecht  and  his  associates  i)oint  out  that  the  quality 
of  the  j)roLeins  is  also  lowered,  with  greater  likelihood  ol  deliciencies  of 
some  of  the  essential  amino  acids,  notably  tryj)tophane  and  methionine. 

J’hese  changes  in  })rotein  and  amino-acid  values  are  related  in  large  part 
to  changes  in"  amounts  and  ratios  of  the  several  mineral  elements  at  the 
plants’  disposal  and  the  amount  of  nitrogen  available  for  use.  Rear  and 
associates  have  shown  that  the  ash,  calcium  and  trace-element  contents  of 
vegetables  decrease  from  the  desertic  soils  lo  the  chernozemic  soils  and  still 


I 


further  lo  the  podzolic  soils.  'Hie  only  excej)tion  is  manganese,  which  is 
highest  in  the  plant  produce  of  the  acitl  podzolic  soils.  Still  lurther  reduction 
in'lhe  percentages  of  ash  elements  in  plants  is  to  he  exjiected  as  one  passes 


to  the  latosolic  soils  of  the  tropics. 

The  sum  of  the  calcium,  magnesium,  jvotassium  and  sodium  in  any  gnen 
species  and  variety  of  plant,  exinessed  as  millieipiivalenls,  tends  to  he 
a  constant  for  anv  given  climatic  environment  and  siiecific  stage  ot  gio\\  tli 
at  harvest.  lUit  a  wide  range  of  values  of  each  one  of  these 
found. 


ci 

Ihi 


iind.  As  the  content  of  potassium  increases  in  plants,  corresjKmdmg  de 
eases  occur  in  magnesium  and  calcium.  Sodium  pla\s  itt  e  pai  in 

is  except  in  irrigated  desert  soils  or  where  it  has  been  aiqihed  m  the  lorin 


of  fertilizer.  If  the  jilant  absorbs  its  nitrogen  m  the  ammonium  form,  tins 
also  alters  the  rale  of  ahsorplion  of  the  other  alkaline  elements 


use  of  iiotassium  chloride  as  a  fertilizer  in  humid  regions 
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ill 


D  Aliy  marked  deparlure  Ironi  the  normal  in  mineral  ujiLake  ol  plants^  w 
ailed  the  quality  of  the  jnoduce  for  human  and  animal  eonsumplion.  Cattle 


L  1XL1X11C4>1X  tAXAV*  V*  *  i  *  -v  - - 1 

B grazing  on  Kansas  wheat  that  was  abnormally  high  in  polassiiiin  developed 


grass  telany,  due  to  deficiencies  of  calcium  and  magnesium.  1  he  calcium 
content  of  the  food  of  the  tro])ics  is  relatively  low  and,  as  a  result,  the  people 
tend  to  be  small  in  stature.  Fortunately  for  the  African  negro,  the  sun,  lalling 

_  1 _ _  /-VC*  1C*  /it  Irtt'/'f/l  I) 


I  on  his  hare  skin,  permits  of  the  synthesis  of  large  amounts  ot  vitamin  D, 
"a  highlv  important  aid  to  calcium  ahsorjition  and  utilization.  De  Castro 
^.vunts  out  that  the  negro’s  frame  may  he  spare  from  the  low  calcium  content 
•  of  his  diet,  hut  his  bony  structure  is  solidly  built. 

Pygmies  and  Shetland  ponies  reflect  deficiencies  of  calcium  and  probably 
Jof  jdiosphorus  in  the  food  and  feed.  And  De  Castro  applies  the  term  “human 
jionies”  to  the  Chinese  and  Jajianese,  their  height  and  weight  having  been 
I  lowered  by  chronic  malnutrition.  When  fed  calcium-  and  protein-rich  meat, 
eggs,  and  milk,  these  smaller  races  soon  grow  in  size  and  weight.  And  the 
I  Shetland  pony  turns  into  a  horse  when  taken  to  a  region  where  the  forage 


is  high  in  minerals  and  protein. 

A  soil  may  be  rich  in  all  the  mineral  elements  required  by  jilants  and  yet 
he  deficient  in  certain  other  elements  that  are  essential  to  animals  and  man. 
.Among  these  additional  elements  that  often  are  in  deficiency  are  sodium, 
cobalt,  iodine,  lluorine  and  chlorine.  lAse  of  common  salt  takes  care  of  the 
need  lor  sodium  and  chlorine.  Put  the  leed  Iroin  large  areas  of  land  is 
deficient  in  cobalt  with  the  result  that  animals  suffer  from  anaemia,  they 
are  listless,  they  fail  to  gain  weight,  and  they  are  sexually  imj)otenl.  Simil- 
aiK,  thei e  aie  laige  areas  where  the  leed  is  delicient  in  iodine.  The  animals 

m  these  areas  ai-e  subject  to  goitrous  growths,  and  thev  give  birth  to  hairless 
voung.  ‘ 

Cobalt  deiiciency  lor  livestock  is  remedied  either  hv  applving  cobalt  sul- 

loftx  f  r\  ll-vz-v  I _  _ 1  1*  .  *  .  .  .  1  .*  1  *  ^11*0 
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plate  to  the  soil  or  by  adding  it  to  the  feed.  In  manv  areas  2  g  of  cohalt 


sulphate  are  added  to  every  ton  of  feed  for  dairv  cows.  Iodine  is  usuallv 
supplied  as  a  constituent  of  the  salt  that  is  fed.  Fluorine  deficiencv  has  not 
Jieen  reported  m  livestock. 

Iodine  deficiency  in  man  is  cliaracler  ized  l)V  the  lai  ne  eoiliams  appenda<>es 
ll.al  hang  Iron.  II, e  necks  of  Ihose  affecled.  In  manvArea.s  alnmst 
ei Mm  once  had  such  a  gi  owlli.  Bnl  this  also  has  been  iumight  under  eonl,-nl 
add.ng  a  Irace  ol  polassiu.n  iodide  lo  Ihe  salt.  In  so.ne  areas  f Inn, ine  is 
hci  1"  aniounls  by  Ihe  food  and  traces  of  this  element  ai-e 

.inerelv  that  thev  will  Invp  J  r  •  ‘‘  means 

^*onn  in  the  jilaiit,  it  should  he  possihkMTefficrilds^  ni(>i’ganic  to  an  organic 
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result  ill  the  synthesis  within  the  plant  of  additional  organic  conipounds 
that  have  value  to  the  consuming  animal  or  to  man.  There  is,  as  yet,  no 
dependalile  proof  of  this. 

1  he  possibility  exists  that  feed  and  food  plants  may  have  accumulated, 
without  apparent  injury  to  themselves,  mineral  elements  that  are  highly 
toxic  to  animals  and  man.  For  example,  a  wide  expanse  of  selenium-rich 
soil,  derived  largely  from  Cretaceous  rocks,  extends  south-west  from  Canada 
across  the  semi-arid  region  of  the  United  States  to  Mexico  City,  and  probably 
on  beyond.  In  this  region  certain  species  of  Aslmgahis,  Xijlorrhiza,  Oonopsis 
and  Slanleya  accumulate  selenium  to  concentrations  of  as  much  as  15  000 
partsymillion  of  their  dry  weight. 

d'he  first  symptoms  of  selenium  toxicity  in  animals  grazing  on  plants 
containing  only  moderate  amounts  of  this  element  are  malformation  and 
.sloughing  off  of  the  hoofs.  Alexander  reports  that  Marco  Polo  saw  hoof- 
deformities  of  this  type  in  his  travels  through  Tartary.  “blind  staggers”, 
a  more  advanced  stage  of  selenium  poisoning,  often  leads  to  sudden  death. 
Concentrations  of  5  parts/millioii  selenium  in  food  and  05  p/m  in  milk 
or  water  are  considered  dangerous  to  man. 

Molvbdenum,  an  element  that  is  essential  to  both  plants  and  animals, 
may  be  highly  toxic  to  animals  when  present  in  excessive  amounts  in  the 
forage  they  consume.  Plants  normally  contain  between  1  and  5  p  in  molyb¬ 
denum  on  a  dry-weight  basis.  Widespread  areas  of  deficiency  of  this 
element  for  plants  are  known,  notably  in  Australia  and  New  Zealand.  In 
certain  other  widely  scattered  areas,  molybdenum  concentrations  in  soils, 
and  in  the  jilants  growing  on  them,  are  abnormally  high.  At  10  p  in  molyb¬ 
denum  or  higher  in  forage  plants,  troubles  are  ollen  experienced  with 
livestock,  particularly  if  the  forage  is  low  in  copper. 

'I'he  symptoms  of  molybdenum  poi.soning  in  animals  include  severe 
diarrhoea,  loss  of  hair,  emaciation  and,  ultimately,  death.  The  antidote 
is  copiicr  sulphate.  As  much  as  10  p/m  molylidenum  has  been  found  in 
jilants  growing  on  molvbdenuni-rich  soils  without  noticeable  injuiy  to  the 
iilants  "themselves.  One  of  the  best  ways  of  solving  this  problem  is  liy 
growing  forage  crops  on  the  land  and  hauling  the  molybdenum  away  m 

the  harvested  cro]).  .  t  i  • 

'khe  lu'imarv  urge  of  a  plant  is  to  reproduce  itself.  Even  if  jilants  we 

able  to  think, ‘  and  if  they  acted  accordingly,  little  consideration  would 
probahlv  be  given  to  meeting  the  desires  oi  animals  or  man.  Plants  ha\e  to 
be  accepted  as  they  are,  sul)ject  to  such  changes  in 


hv  breeding  and  selection,  and  l)y  altering  their  cnvironnienl.  But  c< 
cannot  lie  changed  to  wheat,  wheat  to  rice,  apples  to  oranges,  or  grasses 


corn 
to 


or  bv  wav  of  the  edible  products  of 
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I  species  of  plants  have  had  to  he  rejected  hy  both  animals  and  man  l)ecause 
of  their  {diysical  characteristics  or  because  ol  the  high  content  ol  some 

I  toxic  or  (iistasteful  substance  contained  in  them. 

Feed  standards  for  animals  and  lood  standards  for  man  are  formulated 
1  in  terms  of  digestible  nutrients,  calories,  amino  acids,  vitamins  and  mineiai 
nutrients.  The  soil’s  only  known  contribution  to  these  values  is  by  way  of 
,  the  mineral  nutrients  it  su])plies,  the  nitrogen  tliat  is  released  from  its 
^  organic  matter,  and  the  water  it  stores  Iroiii  that  falling  as  rain.  Some  of  the 
mineral  nutrients  serve  as  structural  units  in  plants.  This  applies  parti- 
1  cularly  to  calcium,  phosphoius  and  sulj)hur.  Ihit  most  of  the  mineral 
nutrients  function  primarily  as  catalytic  agents  in  the  synthesis  ol  organic 
j  compounds.  Some  of  these  organic  comj)ounds  are  essential  to  the  life 
processes  within  the  plant.  Others  are  not. 
i  The  organic  compounds  in  plants  that  are  commonly  mentioned  as  being 
'  required  by  animals  and  man  include  the  proteins,  carbohydrates,  oils  and 
1  vitamins.  But  a  great  variety  of  subsidiary  j)roducts  are  also  present  in 
*  plants.  Some  of  these  are  responsible  for  distinctive  odours  and  flavours, 
agreeable  or  otherwise.  The  organic  composition  of  a  plant  depends  not 
I  only  on  the  inherent  nature  of  the  j)lant  hut  on  both  the  quantities  and 
ratios  of  the  soil-derived  nutrient  at  the  plant’s  disposal  during  the  j)eriod 
I  ol  its  growth.  And  the  quantities  and  ratios  of  these  mineral  elements,  as 
well  as  tho.se  of  the  organic  constituents  in  plants,  are  important  to  man, 

I  no  matter  whether  he  obtains  them  by  eating  j)lants  directly  or  bv  way  of 
animals  that  consume  the  plants. 


Ihe  diet  of  primitive  man  —  a  nomad  —  was  arrived  at  by  exj)erinienta- 
ticn.  It  consisted  of  a  variety  of  plants  and  their  j)roducts.  And  this  variety 
became  an  essential  feature  of  his  food.  In  due  time  the  milk  of  animals 
was  added  to  man’s  diet.  But,  according  to  Stevens,  somewhere  along  the 
path  of  life  man  made  a  wrong  turn.  That  wrong  turn,  he  says,  was  the 
change  lioin  vegetarianism  to  the  eating  of  meat.  He  credits  our  killing 
instincts  to  this.  And  wars  and  resulting  starvation  of  millions  of  people 
constitute  the  end  result. 

But  there  are  nutritional  advantages  in  consuming  the  edible  products 
of  annuals  as  well  as  those  of  plants.  Meat  and  milk  animals  serve  as  con¬ 
centrators  ol  the  loods  that  are  most  likely  to  he  deficient  in  the  diet  of 
man  Ihese  include  the  amino  acids,  vitamins  and  mineral  elements  - 

phos])horus  and  the  trace  elements.  Animals  also  serve 
as  testing-agents  against  any  nutritional  abnormalities  in  the  plants  on 
xHiich  they  teed,  sometimes  to  the  point  of  suffering  seriouslv  fiom  defi¬ 
ciencies  or  excesses,  even  to  the  point  of  death.  ‘ 

Mineral  deficiencies  are  much  more  likelv  to  develop  in  animals  Ih-m 


47 


I'^arlh.  In  jnopoilion  k>  his  uljilily  to  l)uy  whal  he  chooses,  he  can  become 
a  pi'odncl  ol  all  Ihe  im}>orlanl  groups  ol  soils.  This  makes  il  possible  lor 
him  to  have  suitable  balance  in  both  his  mineral  and  his  organic  diet.  But 
il  does  not  guarantee  that  this  will  he  effected. 

There  is  safety  in  the  drinking  of  milk  and  the  eating  of  the  edible 
products  of  animals,  including  the  vital  organs.  And,  in  a  country  of  food 
surpluses,  an  animal  economy  is  essential  to  the  well-being  of  the  nation. 
It  provides  a  means  of  regulating  crop  surpluses,  the  consumption  of  animal 
products  going  up  and  down  in  relation  to  the  su[)plies  of  grain  available 
for  animal  feeds.  Where  food  is  scarce,  in  most  of  the  densely  populated 
countries,  there  is  no  econoinv  in  feeding  grains  to  livestock  and  then  con¬ 
suming  their  meat  and  milk.  Russell  points  out  that  at  least  80  per  cent  of 
the  caloric  value  of  a  grain  is  lost  by  feeding  it  to  dairy  cows  and  over 
90  per  cent  by  feeding  it  to  beef  animals.  And  the  efficiency  of  the  trans¬ 
formation  of  plant  proteins  to  animal  ])roleins  is  only  a  little  greater 
than  this. 


In  proportion  as  we  find  it  necessary  to  eat  grains  and  other  edible  plant 
'products  as  such  rather  than  in  the  form  of  animal  ])roducts,  extra  precau¬ 
tions  must  be  taken  to  see  that  amino-acid,  vitamin  and  mineral  values 
measure  u])  to  the  re(juirements.  Plants  grown  on  irrigated  arid  and  sub- 
humid  lands  of  the  temperate  zones  are  much  more  likely  to  meet  all  the 
nutrient  needs  of  man  than  those  grown  in  the  high-rainfall  regions,  and 
particularly  in  the  tropics. 

Ihe  agriculture  I-lime  md  the  lerlilizer  industries  have  come  to  oui  aid 
in  this  connexion,  d  hev  provide  the  means  by  which  the  niliogen  and 
mineral  sup})lies  in  the  soil  can  be  replenished.  And  if  lertilizeis  aie  so 
formulated  as  to  supply  by  way  of  the  soil  all  the  needs  of  the  beltei  types 
'of  crop  plants,  the  amino-acid,'  vitamin  and  mineral  requirements  of  man 
can  be  met  almost  as  well  in  the  tropics  as  in  the  temperate  zones  and 
in  the  iriigaled  arid  regions. 

Yet  by  and  large,  these  j)ossihililies  are  not  realizable  in  the  hot,  high- 
rainfa’ll  'regions  because  of  the  general  lethargy  of  the  peoi)le  of  those 
regions.  This  lethargy  is  due  largely  to  malnutrition,  m  terms  of  both 
quantity  and  quality 'of  food,  nolwilhslanding  that  these  people  are  liMiig 
in  the  midst  of  many  possibilities  for  abundant  lood  production. 

l)e  Caslio  savs  that  "llic  so-called  inlcrior  races  lam  oul  lo  simved 
races-  i.rorcrhj  nourished  llwi/  are  in  all  rcspccis  eqaal  la  Ihe  woald-be 
Tailrior  races'. . .  Nol  onhj  In,  acling  on  his  hodq  - 
w  Iherina  his  flesh,  (jnawiiu/  at  his  viscera,  ami  opemmj  wounds  m 
S  -doe" deslron  Ihe  human  hcin„.  Il  also  acis  on  Ins  s,nrd.  on 

his  menial  sirncinre.  and  on  Ins  social  co;i(/iif/. 

■rhe  nr,>l)lciu  of  ovcr-popiilalion  and  flic  i  casoiis  for  it  come  |.ron.mcnf  y 
10  nia  fi  s  connexi  H,  If  is  generally  assnined  lliaf  over-|K>p«bl,»n  ,s 
lire  ciiu'e  of  hunger,  lluf  l)e  Casfro  confen.s  lha.  die  reverse  is  Irue.  He  says. 
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“//  is  known  lhal  there  is  a  direct  connexion  between  the  functioning  of 
the  liver  and  ovaries,  the  role  of  the  liver  being  to  inactivate  the  oeslrogens 
which  the  ovaries  throw  into  the  blood  stream.  Fatty  degeneration  of  the 
liver  and  Ihe  lendenci)  loward  cirrhosis  . . .  are  among  the  characteristics 
of  protein  tendency.  These  are  very  common  in  the  Far  East  and  in  certain 
tropical  areas  of  other  continents.  When  degeneration  of  the  liver  occurs, 
it  begin  to  operate  less  efficiently,  and  is  less  effective  in  its  job  of  inactivat¬ 
ing  excess  oeslrogens.  The  result  is  a  marked  increase  in  womans  reproduct¬ 
ive  capacity". 

Albiechl  does  not  agree  with  this  concej)!,  at  least  in  its  application  to 
animals.  He  thinks  we  need  to  consider  the  food  problein  as  primarily  one 
of  producing  proteins  in  quantity  and  (juality  lor  growth,  protectioii  and 
reproduction.  All  the  necessary  amino  acids  must  be  supplied  in  suitable 
amounts  and  balance.  “A  high  intake  of  proteins  seems  to  me,  in  the  light 
of  the  whole  chain  of  living  evidence,  to  increase  both  fecimdily  and 
longevity'’. 

Top-quality  food,  whether  it  be  for  animals  or  man,  comes  from  top- 
quality  soils.  Top-quality  soils  supply  plants  with  an  abundance  of  all 
the  mineral  elements  required,  and  in  suitable  balance.  These  may  be 
present  naturally  in  the  soil  —  as  in  the  better  irrigated  arid  regions  — •  or 
they  may  have  to  he  supplied  in  fertilizer  form.  And  nitrogen  must  be 
available  in  abundant  supply  as  well  whether  by  microbial  fixation  or  that 
of  the  air-nitrogen  lactory.  Possibly  the  extra  elements  known  to  he  needed 
only  by  animals  and  man,  if  not  naturally  j)resent  in  the  soil,  should  be 
supplied  by  way  of  the  soil  as  fertilizer  constituents.  But  the  evidence  oji 
this  point  is  far  from  conclusive. 

It  is  conceivable  that  we  shall  he  successful  in  due  time  in  putting  the 
blue-giee  algae  to  work  on  a  factory  scale  to  jnoduce  protein  concentrates 
contaiinng  all  the  essential  amino  acid  needed  for  supplementing  the  natural 
foods  in  densely  j^opulated  areas.  Or  we  may  succeed  in  uncovering  the 
secret  of  the  chloroj)hyll  molecule  of  green  plants  to  the  end  that  sugar  can 
be  produced  m  any  quantity  that  may  he  desired.  Large-scale  microbial 
.synthesis  of  proteins  from  sugar  and  fertilizer  salts  could  then  he  effected. 
And  It  .seems  quite  probable  that  iniiiroved  salt  mixtures  can  he  developed 
as  supiilenients  to  or  substitutes  for  common  salt.  By  these  means  we  should 
le  able  to  make  up  tor  the  nutritional  deficiencies  of  the  foods  of  the  less- 
lavoured  regions  of  the  Earth. 


rpac  availability  of  good  foods,  even  when  supiilied  at 

i guarantee  their  proper  use.  Small  childien  and 
of  I  ^  T  duite  likely  to  oonsumc  too  large  a  percentage 

high-carbohydrate  and  low-mineral  foods.  Much  has  alrkadv  been  done 

creams  and  soft  driidcs  better-balanced 
loods.  But  much  more  could  he  done.  Although  all  of  the  e  are  i^odne 
ot^t^ilSoil  they  hear  very  little  resenlhlance^o  the  od^^^af^^ildu^lj 
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AGRICULTURAL  TECHNIQUE  IN  THE  FIGHT  AGAINST  HUNGER 


Rene  Dumont,  Professor  at  the  Institute  of  Agronomy 
and  at  the  Institute  of  Political  Studies,  Paris 


I  have  been  trying  to  find  a  good  delinition  of  the  ‘  art’  of  agriculture, 
I  ^vllich  depends  on  a  variety  of  sciences,  and  beg  my  readers’  indulgence  if 
I  coin  one  hy  proposing  “the  production  of  arlificicd  conditions”.  Agriculture 
tries  to  make  the  natural  conditions  in  which  a  i)lant  is  grown  —  more 
particularly  the  soil  and  the  climate  —  more  conducive  to  its  growth,  while, 
at  the  same  time,  protecting  it  from  the  numerous  enemies  which  are  always 
I  ready  to  prey  upon  it.  It  tries  to  feed  the  animal  to  look  after  it,  and  some- 
'  times  to  protect  it,  at  least  against  more  violent  climatic  changes.  That  is  the 
I  difference  between  agriculture  and  cropping,  the  earlier  way  of  obtaining 
food,  which  consisted  simply  of  collecting  what  Nature  produces  —  natural 
vegetation,  wild  game,  fish  —  and  it  is  therefore  j)erhaps  permissible  for 
me,  as  an  agronomist,  to  think  that  it  is  by  agriculture,  above  all,  that  Man 
has  made  himself  different  from  other  animals  which  live  on  natural 
products, 

I  propose  to  deal  here,  first  of  all,  with  some  of  the  more  important  ways 
in  which  artificial  conditions  are  })roduced,  showing  what  they  involve 
and  what  possibilities  they  oipeii  up,  starling  with  those  which  are  most 
general,  such  as  tilling  the  soil  and  the  use  of  fertilizers.  I  shall  then  deal 
with  the  provision  of  clean  water  and  draining,  irrigation,  and  go-  on  from 
that  to  that  extreme  of  artificial  conditions,  horticulture.  After  that,  I  will 
go  into  the  special  conditions  in  tropical  countries,  and  will  conclude  with 
an  examination  of  the  immense  possibilities  of  modern  agricultural 
methods,  and  of  the  vast  capital  investment  and  verv  wide  knowledge 
without  which  the  fine  promises  I  shall  have  descrihed  cannot  be  realized 
.  sod  hunger  cannot  he  banished. 


Thejirst  step  in  producing  artificial  conditions:  tilling  Ihe  soil 


The  best  symbol  for  Agriculture  is  the  hoe  and  its  derivative,  the  plough  ^ 
It  possible  to  lighten  the  soil  and  to  render  it  penetmble  bv 
ots,  and  also  hy  water  and  air,  thus  favouring  the  development  of  the 
of  roots,  as  well  as  allowing  oxidation  a.KHransfonnaZror  orgnL'c 

Ihe  agi icullurist  ol  the  Middle  Ages  used  to  till  his  fnllrvw  innU  tv. 

I^n'  w'r  «  -slK-!';;,' “ 

1011  which  is  still  continued  anachronislir’nlK’^  foi  »  *  ^ 
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volves  less  lilling,  bul  it  lightens  the  soil  more  and  is  cheaper,  using  a  whole 
range  of  machines,  including  harrows,  disk-ploughs,  subsoil  ploughs,  rollers, 
and  even  rotary  machines. 

dhe  more  advanced  preparation  of  the  soil  produces  a  finer  "sowing  bed”, 
in  which  the  earth  has  been  lightened  more  and  then  pressed  together. 
Combined  with  superlicial  sowing,  it  produces  the  most  important  condi¬ 
tions  for  a  good  start,  and  thus  for  a  high  croj)  yield.  It  calls,  however,  for 
plenty  of  power,  the  availability  of  which  may  be  seen  everywhere  as  limit¬ 
ing  the  possibilities  of  agricultural  production.  There  was  no  possibility 
of  increasing  this  cpiickly  while  Man  had  the  use  of  only  his  own  arms, 
which  meant  less  than  one-tenth  of  a  horse-powei'.  Animal  power  multi¬ 
plied  his  resources  and  the  fact  that  this  has  been  developed  more  in 
western  Europe  than  elsewhere  accounts  for  the  relatively  more  ra])id 
develo{)ment  of  that  j)arl  of  the  world  in  recent  centuries.  For  its  full 
development  it  has  been  necessary  to  feed  the  draught  animals  better,  whicli 
has  been  achieved  (as  in  the  case  of  human  feeding)  by  transition  from 
simple  harvest  products,  for  their  feeding,  to  various  kinds  of  special  fodder 


crops. 

Once  this  evolution  got  under  way,  it  became  possible  to  increase  the 
supply  of  foodstuffs  of  animal  origin,  meat  and  milk.  It  is  tar  irom  being 
completed,  however,  for  in  France  alone  there  are  more  than  twelve  million 
hectares  of  permanent  pasture  land  where,  as  the  name  indicates,  the  land 
is  never  tilled.  The  absence  of  this  essential  lactor  of  production  allows  that 
land  to  stagnate  in  the  stage  of  pastoral  economy,  and  reduces  its  product¬ 
ivity  to  a  very  modest  level:  the  ccpiivalent  in  grass  or  hay  of  13  quintals  of 
barley  per  hectare.  In  the  more  continental,  and  drier,  [)arls  of  our  countiN, 
this  average  falls  even  to  10  (piintals. 

By  advising  the  faimers  of  Lyonnais,  which  is  in  this  drier  region,  to 
adopt  the  English  "ley-farming”  (adapted  to  their  more  arid  conditions), 
P.  Ghazal  and  I  have" raised  their  production  to  levels  of  hctween  40  and 
70  quintals.  These  figures  have  been  aebieved  \yitb  meadows  temi>orarily 
used  for  pasturage,  based  on  seed-grasses,  or  with  artificial  meadows,  for 
mowing,  based  on  leguminous  plants,  and  by  tilling  the  soil  only  once  e\ei  \ 
three  or  four  vears.'Pv  tilling  more  frequently,  and  growing  two  crops  m 
a  year  (vetches  and  winter  barley  followed  by  forage  maize),  we  have  sur¬ 
passed  the  equivalent  of  100 — 120  ([uintals. 

In  order  lo  achieve  Ihese  ligures,  vve  also  introduced  artificial  I'crlilizcrs 
which  will  l)e  dealt  with  in  the  next  section,  hut  this  would  he  fai  lev 
rriective  without  the  tilling  of  the  .soil:  whence  the  re(|ueul  economic 
disappointuient  following  the  manuring  of  old  meadow  land. 

On  an  estimate  that,  out  of  12-5  million  hectares  of  pastureland  m  France. 
8  millions  are  easily  iiloughahlc  and  are  worth  heiiig  Irans  onned  as  has 
been  dewril led,  one  inay  "asilv  appreciate  the  extent  to  yuch  produc  lo.i 
could  he  increased  in  the  one  area  mentioned  alone,  hrench  agiiculture  ha„ 


in  fact,  greater  i)otentialities  of  increase  than  that  of  any  other  part  of 

western  Europe.  , 

'Hie  raipid  increase  of  the  world’s  population  has  converted  us  Iroin  tne 
use  of  natural  grasses  to  cultivated  grasses.  Will  it  carry  us  toinoriow  loin 
the  natural  for^t  to  the  cultivatel  tree?  In  the  poplar  groves  ol  Lombardy, 
the  tilling  of  the  soil,  combined  with  the  use  of  fertilizers  and  iirigation, 
make  it  possible  to  “harvest”  a  one-cuhic  metre  tree  eleven  years  after  it 
has  been  planted,  instead  of  25  years;  and  during  the  first  three  years  the 
soil  produces  usual  agricultural  products,  such  as  lucerne  or  maize,  whea 
or  beetroots. 


In  order  to  extend  the  field  over  which  tilling  of  the  soil  can  be  applied, 
increased  supply  of  power  is  esisential,  and  as  a  matter  of  fact,  since  the 
I920’s,  the  tractor,  which  provides  this,  has  produced  a  real  revolution  in 
the  conditions  of  agricultural  production  in  those  parts  of  the  country  where 
it  is  available.  This  revolution  is  somewhat  comparable  —  despite  certain 
difference  of  structure  —  with  that  produced  in  industry  by  the  introduc¬ 


tion  of  the  steam  engine,  in  the  last  century. 

The  internal-combustion  engine,  more  flexible  and  handier  than  the 
steam  engine,  provides  a  new  source  of  power,  deriving  its  energy  from 
fuel  extracted  from  under  the  earth.  But,  in  order  to  make  use  of  it,  we  must 
have  metal  and  must  turn  it  into  complicated  machinery.  The  farmer 
of  today  must  therefore  dispose  of  far  more  than  that  accumulation  of  past 
work  known  as  Capital,  than  did  his  ancestors. 


The  second  step:  fertilizing  the  soil 


Primitive  agriculture  contented  itself  with  a  sort  of  natural  fertilizing, 
still  practised  over  a  very  wide  area,  especially  in  the  tropics,  produced  by 
intermittent  cultivation,  short  periods  under  crops  alternating  with  long 
periods  of  lying  fallow.  In  the  equatorial  zone,  during  the  fallow  period  the 
trees  draw  fertilizing  elements  from  the  under-soil,  and  deposit  these  on 
the  surface,  in  the  form  of  an  abundant  humus  of  fallen  laves  and  other 
detritus.  This  is  burned,  when  the  ground  is  cleared  for  cultivation,  and  its 
ashes,  rich  in  the  fertilizing  elements  just  mentioned,  provide  an  immediate 
supply  of  fertilizer  for  the  new  crops. 


This  technique  involves  a  frightful  wastage  of  fertilizers,  however,  and 
especially  of  nitrogen,  most  of  which  goes  off  in  smoke,  while  the  torrential 
rains  wash  away  most  of  the  good  that  is  in  the  ashes.  It  is  even  less  effect  - 
ive  m  the  laying  fallow  under  grass,  which  is  i)ractised  in  the  savannahs  of 
the  tropics,  as  the  grass  roots  do  not  penetrate  so  far  down,  while  the  wind 
which  follows  the  “hush  fires”  very  soon  scatters  the  ashes  away. 

Any  larger  domestic  animal  which  may  he  around  is  usuallv  left  to 

'' n  "''"u  y^ar,  though  it  is  sometimes  sliut  in  on 

a  field  after  the  crop  has  been  harvested  (as,  for  instance,  after  the  harvest- 


in^  of  Ihe  sorghiiiii  in  Uie  Sudan),  lo  feed  on  the  dried  leaves  of  whatever 
has  been  grown  there;  and  then  il  drops  some  manure  alx)ut.  The  area 
munedialely  surrounding  a  habitation  always  has  Uie  henefit  of  the 
household  ashes,  and  of  the  excreta  ol  human  heings  and  of  the  more 
donieslic  animals.”  1  hough  this  way  ol  lerlilizing  the  soil  is  not  alwavs  very 
delibeiate,  the  mere  tact  that  the  fertilizers  mentioned  are  scattered  around 
the  habitation  improves  the  soil.  It  is  tliis  which  has  made  it  possible  to 
move  on  quickly  from  this  lorm  of  cultivation,  forerunner  of  horticulture, 
to  the  permanent  cultivation  of  the  soil. 


ihe  plains  and  deltas  ol  the  Far  East  became  very  early  the  seats  of 
dense  populations  which  have  been  able  to  practise  this  permanent  cultiva¬ 
tion  of  the  soil  for  at  least  three  thousand  years,  thanks  to  the  systematic, 
and  in  their  case  well  thought  out,  use  of  all  their  available  resources  o.’’ 
fertilizers. 


fluinan  manure  is  the  best  known  fertilizer,  of  course,  but  there  are 
numerous  others,  such  as  vegetable  waste  or  “green  fertilizers”,  household 
ashes,  kitchen  debris,  the  husks  of  rice  grain,  mud  from  ponds  and  the 
alluvial  deposit  of  rivers,  besides  industrial  waste-products,  like  oil  cake 
and  slaughter-house  debris.'* 

In  north-western  Europe  the  excreta  of  animals  early  assumed  a  specially 
important  role,  solid  ami  liquid  manure  being  collected  more  or  less  care  ¬ 
fully  for  use  on  the  farm.  The  high  density  of  the  livestock  j)opulation 
there  (which  was  impossible  in  the  Far  East  because  it  was  too  over- 
populated)  increased  later  by  the  cultivation  of  forage  crops,  facilitated  the 
ti  Lmsition  by  this  means  to  continuous  cultivation,  which  became  more  and 
more  widely  extended  away  from  the  farmhouse  or  farming  centre  as  the 
means  of  transportation  improved. 

Further  away  from  the  villages,  however,  intermittent  cultivation 
jiersisted  for  a  long  time,  on  the  “es’sar/s”  of  the  Ardennes  the  ‘savarls  of 
Ehamj)agne,  and  the  “Icf/ides”  of  Britanny  and  ol  the  Basque  countiy,  and 
I  have  found  them  in  existence  even  today  at  Revest-du-Bion,  in  the  I>asses- 
Alpcs  of  France. 

The  great  revolution  in  fertilizing  dates  Irom  the  second  halt  ot  the  19lh 
century,  when  chemical  fertilizers  came  into  general  use:  nitrates  (Chile 
nitrate,  ammonium  sulphate):  phosphates  (natural  phosphates,  soon  clianged 
into  superiihosphates  by  treatment  with  sulphuric  acid):  phosphoric  slag 
(a  bv-product  of  the  steel  industry).  'Ihe  end  ot  the  same  century  saw  the 
appearance  of  potash  fertilizers  which  are  of  less  inqiortance  except  lor  the 
more  acid  soils  of  the  northern  countries. 

This  artificial  fertilizing  represents,  in  what  may  be  called  the  field  of 
chemical  energy,  a  revolution  at  least  as  important  as  the  tractor,  hroni  the 
15  to  20  quintals  of  wheat  per  hectare  which  the  good  hlemish  farmeis  weie 
getting  at  the  beginning  of  the  19th  century,  we  have  gone  on  through  40 
and  50  quintals  to  as  much  as  72  (piintals  per  hectare. 
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15v  llie  combination  of  these  two  factors,  cultivating  the  soil  iinj)ro\ed 
with  fertilizers,  it  has  been  possible  to  remove  from  the  garden  into  the  open 
field  the  cultivation  of  plants  requiring  more  care,  still  called  “vegetables^ 
by  the  farmers  of  the  west,  but  known  by  agronomists  as  “weeded  plants  . 
Sugar-beet  and  potatoes  provide  more  calories  per  hectare,  and  feed  moie 
])eople  than  do  cereals.  European  agriculture  is  no  longer  “one  great  wheat 
factory",  as  used  to  he  said  in  the  18th  Century,  and  is  moving  away  more 
from  the  cultivation  of  cereals  only  hut,  although  the  area  under  wheat  has 
diminished  to  below  that  under  “weeded  plants”,  the  wheat  production 


goes  on  increasing. 


The  third  step:  water  control 


I'he  plant  of  today,  as  ‘produced”  by  the  geneticist,  is  not  only  more  pro¬ 
ductive,  it  is  also  more  demanding,  and  less  simple  —  like  a  well-bred 
animal.  After  the  soil  for  it  has  been  broken  up  and  fertilized,  it  must  have 
a  regular  supply  of  water,  varying  little  eilJier  above  or  below  the  optimum 
level. 

Maritime  climates  are  better  than  others,  hut  when  the  subsoil  is  imperme¬ 
able,  preventing  surplus  rainfall  from  draining  down  though  it,  the  soil 
soon  becomes  marshy  and  short  of  oxygen,  and  therefore  unsuitable  for  the 
good  development  of  cultivated  plants.  l)rainage,  by  means  of  earthenware 
pipes  sunk  in  trenches  dug  for  the  purpose,  has  produced  such  an  improve¬ 
ment  at  Brie,  that  it  is  now  better  than  Beauce,  once  a  byword  for  fertility. 
The  cleaning  up  of  marshy  valleys  makes  it  possible  to  create  (or  recreate) 
good  pasture-land  out  of  ground  formerly  suitable  only  for  growing  reeds, 
rushes  and  other  plants  as  litter.  The  hrave  Dutch  have  shown  us  how  land 
can  he  reclaimed  from  the  salt-marshes  along  the  coasts,  and  eventually 
even  from  the  sea. 

In  dn  countries,  on  the  other  hand,  it  is  lack  of  water  which  is  the 
piimai}’^  factor  limiting  agricultural  jnoduction.  Irrigation  has  been  known 
since  the  very  earliest  times,  and  was  jiractised  in  the  first  centres  of  agri¬ 
cultural  civilization,  such  as  Mesopotamia,  India  and  South  China.  It  is  in 
proce.ss  of  large  scale  development  now  in  the  semi-arid  zones  from  Egypt 
and  the  Mediterranean  to  what  used  to  he  called  Turkestan,  in  Western 
Asia  and  in  North  America  (California).  It  is  a  much  more  delicate  opera¬ 
tion  than  drainage  ol  wet  soils,  however,  because  it  is  successful  only  when 
an  adequate  supply  is  accompanied  by  really  good  drainage:  otherwise  salt 

omUT-1  ^  Relizane,  Algeria).  It  calls  i'or  good  farmin- 

he  soil  may  become  ruined  by  alkalinity,  or  by  erosion,  through  misuse 
ol  the  ^yater.  And  linally,  it  calls  for  good  tillage  for  “m  old  field  il  Zi 
worth  the  walering^^  (Plain  of  Fores).  But  if  done  m  ^ 

high  production. 


properly,  it  leads  to  yery 


pos 


to  ha\e  t^^o  crops  a  year,  each  with  a  yery  high  yield.  I 


kes  it 
haye 


iHNsell  seen,  near  \  ercelli,  l)elNveen  Milan  and  Turin,  between  Pieniont  and 
Loinl)ardy,  a  wheat  croj)  with  a  yield  of  55  (luintals  a  hectare  harvested  on 
11  June  and  followed  by  rice  transplanted  on  15  June,  which  was  harvested 
on  15  October,  with  a  yield  of  93  quintals  a  hectare,  which  means  that  the 
soil  there  yielded  no  less  than  148  quintals  of  grain  a  hectare  in  one  year! 

Irrigation  is  being  developed  increasingly  in  its  latest  form,  that  of  sprink¬ 
ling,  in  imitation  ot  the  rain,  which  is  used  to  complement  the  rainfall  even 
in  such  northern  countries  as  Switzerland  and  Germany,  or  as  the  IJ.S.A.  and 
Norway.  Tliis  torin  of  irrigation  can  be  used  on  ground  which  has  not  l)eeu 
levelled.  It  permits  of  an  optimum  dosage  with  water,  and  the  best  utilization 
of  water,  the  latter  l)eing  most  inq)ortant,  of  course,  where  the  supply  is 
limited.  What  is  perhaps  most  important  of  all,  however,  is  that  it  avoids 
the  depletion  of  the  soil  hy  being  washed  through.  It  is  far  superior  to 
irrigation  by  gravity,  which  makes  water  flow  over  the  surface  of  the  soil, 
luit  it  necessitates  metal,  for  j)unips  and  pi])ing,  motors,  and  the  power  to 
drive  them  —  in  other  words,  capital,  of  accumulated  work.  The  same  might 
have  been  stated  earlier,  of  course,  in  relation  to  drainage. 


riie  economic  limit  to  arli[icial  conditions 

The  control  of  water  is  a  still  more  advanced  way  of  correcting  natural 
conditions,  l)ut  in  the  nortlien  countries  there  is  yet  another  obstacle  to  the 
rapid  sprouting  of  vegetation:  frost  and  cold.  This  relates  particularly  to 
.sj)ecies  which,  hecause  of  their  tro[)ical  origin,  arc  sensitive  to  cold.  For 
centuries  past  the  market-gardeners  round  the  towns  have  countered  this 
obstacle  by  sheltering  their  early  vegetables  under  cloches  and  frames,  or 
in  greenhouses  which  are  artifically  heated  l)y  the  fermentation  of  horse 
manure,  hy  the  circulation  of  warm  water,  or,  more  recently,  electrically. 

I  have  come  across,  in  the  Dutch  village  of  Aalsmeer,^ 

Haarlem  polder,  an  example  of  unusually  advanced  artifical  conditions, 
for  flowers  grown  in  frames,  where  the  cultural  medium  is  prepared  to 
suit  the  species  of  plant,  gravel,  sand  or  peat  being  used,  mixed  in  varying 
degrees  with  manure  or  fertilizers,  to  produce  a  soil  which  does  not  occur 
in  nature.  The  plants  are  in  pots  or  tubs,  at  waist-level,  to  facilitate  hand¬ 
ling.  The  climate  in  their  greenhouses  is  ahsolutely  artilicial,  the  tempcia- 
ture,  watering  and  humidUy  of  the  atmosphere  being  under  human  control. 

riioiigh  it  may  be  said  that  there  is  no  technical  limit  to  the  de\elopment 
of  artificial  conditions,  there  is  a  very  strict  one  of  an  economic  character. 
The  exiiloitation  of  T5  hectares  of  land  involves  an  investment  ot  loO  million 
francs,  which  means  100  million  francs  a  hectare,  or  £  40  000  an  acre.  It 
employs  27  men  a  hectare.  JJiis  means  that  the  plants  grown  must  be  only 
the  most  costlv.  And  already  the  early  vegetables  imported  Iroin  the  more 
sunny  countries  are  competing  successfully  with  those  grown  m  the  norlhein 

lands. 
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Soil-less  cuUivalioii  also  has  very  great  ])ossibililies,  but  one  must  no 
.  lose  sight  of  its  econoniic  limitations  and  must  careiully  consider  its  cost, 
hneasured  in  terms  of  “real  wealth”,  though  this  will  tend  to  fall  with  the 
j  advance  of  technique. 

Special  problems  of  Iropical  regions 

^  We  have  seen  that  the  temperate  regions  can  achieve  very  great  and 
1  very  rapid  increase  of  their  agricultural  jiroduclion  only  by  recourse  to 
various  known  measures  (of  which  some  exanijiles  only  have  been 
.  mentioned  here;  there  has  been  no  reference,  for  example,  to  the  essential 
J  role  of  genetics  or  of  humus).  In  dealing  with  regions  in  the  tropics,  however, 
certain  reserves  must  he  made.  In  western  and  central  equatorial  Africa, 
1  which  are  always  humid,  systematic  attempts  at  continuous  cultivation, 
which  were  made  with  the  object  of  liberating  them  from  bitter  sulijection 
J  to  lying  fallow  under  forest  (1  to  2  years  of  cultivation  alternating  with  1  1 
to  18  years  lying  fallow),  were  complete  failures.^.  The  station  of  Yangamhi, 
j  in  the  Belgian  Congo,  has  so  far  succeeded  in  prolonging  the  productive 

*  period  up  to  four  years  only,  and  in  so  doing  had  been  unable  to  dispense 
.with  the  necessity  of  a  fallow  pericKl  for  restoring  fertility  or,  therefoie, 

*  with  the  hard  work  involved  in  clearing  the  land  at  the  beginning  of  each 
period  under  cultivation. 

j  Hie  possibilities  of  “getting  by”,  by  adopting  continuous  cultivation, 
seem  to  he  more  immediate  in  the  tropical  zone,  where  the  single  rainy 
J  season  depletes  the  soil  less,  and  where  the  jnesence  of  numerous  livestock 
makes  it  reasonable  to  expect  supplies  of  manure.  But  even  there  such 
j  possilnlity  disappears  if  the  manure  has  to  he  carried  on  the  heads  of 
women,  in  baskets  of  25  to  30  kilograms,  so  that  a  thousand  or  so  trij)s 
jof  10  to  12  kilometres  there  and  hack  must  be  made  to  give  virgin  fields 

*  the  dosage  ol  30  tons  of  manure  a  hectare,  which  is  considered  “norinal” 
m  Europe.  The  first  necessities  are  roads,  ami  a  wagon  with  draught  ani- 

I  mals,  or  better  a  tractor,  and  the  next  thing  to  do  is  to  have  the  field  closer 
to  ttie  larmhoiise.  bar  removed  from  coininunicalions,  one  must  nay  hieh 
ffor  ones  lertihzer  and  sell  one’s  j)roduce  chea])lv,  for  each  of  these  hasko 
hear  the  burden  ol  aii  exaggerated  series  of  transport  services,  and  an  even 
J;  heavier  burden  m  relation  to  the  costs  of  distrihution. 

he  golden  rule,  that  the  essential  bases  of  modern  agriculture  are  euin- 

!a  "''Sateil  rice-field  al  IhTboUom  of 

*fin|mverislHi,eiu“F„^,lopi"rd\’,k  ^miiuiously  xvilhoul  risk  of 

n,,™,.  o„i, .  _  P'alcaux,  however,  llie  traiisiliori  In  rnnii- 


nuous  cullivalion  of  annual  pi'anlsirshH  f  drfnenlVprohirr^lo  sok^ 
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lo  the  solulion  of  Ihis  proljleiii,  therefore,  that  agricultural  research  through¬ 
out  the  world  should  devote  its  iiiaiu  ettort  and  the  retjuisite  resources. 

Immense  possibililies  and  vast  demartds  of  modern  agriciilliire 

Modern  techni(jues,  if  applied  on  an  adequate  scale,  would  make  it 
[)0ssible  to  raise  agricultural  jiroduction  rapidly,  and  thus  to  win  spectacular 
victories  in  the  war  against  hunger.  Care  must  he  exercised,  however,  e.spe- 
cially  until  systems  of  agriculture  in  the  tropics  which  are  not  destructive 
have  been  perfected.  For,  on  the  one  hand,  our  agriculture  is  still  too  wasteful 
in  res{)ect  of  man’s  heritage  of  land,  particularly  by  erosion,  while  on  the 
other  hand,  in  order  to  feed  the  existing  j)0])ulation  of  the  world  more  or 
less  adequately,  agricultural  j)roduction  must  be  doubled  forthwith. 
Moreover,  because  mankind  believes  in  ever  increasing  speed,  we  are 
appro'aching  a  biological  disequilibrium  which  is  not  without  danger. 

Demographic  evolution  is  worrying  the  agronomist  who  feels  himself 
responsible  in  relation  to  bunger  in  the  world,  and  moves  him  to  make 
urgent  demands  for  the  powerful  means  without  which  he  cannot  combat 
that  Imnger.  So  far,  however,  he  has  not  been  accorded  these  means,  which 
correspond  roughly  in  .scale  to  those  which  are  devoted  to  armaments  by 
all  the  countries.  The  transfer  of  these  means  from  the  latter  field  to  the 
former  is  clearly  desiralde,  and  would  l)ecome  easier  in  an  atinosphere 
of  peace.  More  favoured,  in  this  respect,  medicine  has  l>een  able  to  increase 
the  number  of  mouths  to  feed. 

The  noble  aim  which  is  at  stake  in  this  difficult  struggle  obliges  us. 
therefore,  to  reconsider  problems  in  relation  to  the  economic  structure  which 
determine  the  direction  ot  investment  and  of  capital  resouices.  ^Vn  economv 
which  aims  at  profits  is  intrinsically  unable  to  accord  first  priority  in  the 
allocation  of  resources  to  increase  tlie  production  of  basic  loodstutfs,  as  is 
required.  It  must  satisfy  first  the  demands  of  the  privileged,  and  make 
luxurv  motor-cars  before  bull-dozers  to  fight  erosion,  and  tractors  to  till 
the  field,  while  the  soldiers  use  the  raw  materials  of  nitrogen  tertdizeis 
for  the  manufacture  of  explosives.  Agriculture,  which  rural  economists 
often  call  “an  industry  with  small  profits”,  has  never  received  the  govern¬ 
mental  solicitude  which  it  deserves,  hut  there  are  signs  now  ol  a  change  lor 
the  better  in  this  connexion,  and  we  .should  encourage  it. 

There  is  no  (luestion,  of  course,  of  dreaming  of  a  utopian  society,  purel\ 
agrarian  and  non-induslrialized,  as  did  the  Croatian  Peasant  kuty  around 
1930.  The  lialtle  against  hunger  in  the  20lh  Century  camiot  be  won  wi  i 
a  neolithic  hoc,  Iml  demands,  as  has  heen  shown  earlier  m  this  article,  the 

xvliole  arsenal  ol'  modern  leclinology,  rvl.ich  means  P'""-''  "  ‘'“f,' f'."' 
nlenlv  or  porver.  Il  demands  also,  in  the  tirsl  place,  lens  -  or  hellci 
L  nr  ihousands  ol'  higirly  hained  agric.dlural  experts,  lo  ' 

to  DODularize  techniciues  which  have  been  found  eileclivc,  and  to  leach  the 
IntmTlariners;  logelher  will,  factories  for  the  p.odnclion  ol  le.  hhxe.s  and 


58 


i  % 

1 1 


insecticides,  of  tractors  and  inodern  equipment;  ])iil  above  all,  power,  and 
..here  nuclear  energy  offers  timely  aid  to  petrol  and  electicity. 

''  Agricultural  production  is  nowadays  achieved  more  in  the  lactory  than 
in  tiie  field,  and  this  justifies  the  well-known  “exodus  from  the  land’’.  As 
r  jProfessor  de  Castro  has  shown  so  clearly,  it  is  the  purely  rural  societies 
which  suffer  the  most  from  hunger.  Present  day  methods  of  agricultural 
I  |production  demand  the  rapid  and  simultaneous  supply  to  the  underdevelo])ed 
countries  of  all  the  techniques  and  the  capital  equipment,  since  these  become 
'  |fully  productive  only  if  combined.  This  cannot  be  done  on  the  scale  required 
us  a  profitable  venture,  so  the  equipping  of  Asia,  Africa,  South  America  and 
.of  southern  and  eastern  Euro])e,  will  deinand  considerable  expenditure 
Kvhich  cannot  be  recovered. 


Idle  idea  of  human  solidarity  (definitely  not  economic)  will  have  to 
jdevelop  more  and  more,  hoth  inside  the  nations  and  among  them,  d’he 
economy  of  abundance,  or  tbe  right  against  hunger,  which  we  must  promote 
jwill  deploy  the  means  at  our  disposal  in  accordance  with  ])riorities  based 
on  social  value,  and  in  the  first  ])lace  in  accordance  with  tlieir  effectiveness  in 
jproducing  a  rapid  increase  in  the  food  available. 

Economy  based  on  i)rofits  is  becoming  weaker  and,  having  difficulty 
jUi  adapting  itself  to  a  situation  of  relative  abundance  (relative,  that  is  to 
isay,  to  an  inadequate  ])urchasing  power),  is  tending  towards  a  futile  malthu- 
sianism,  towards  a  reduction  to  destitutism.  This  will  shortly  lead  to  its 
igeneral  condemnation,  if  we  persist  in  exposing  its  defects 
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lough  throughout 


the  World’’ bv  A  work  “Man  and  the  Ploutr _ 

'  The  Greek  agricultura/^stMEtlcs  l^i'^mhes-Delmaniarra.  N.R.F.  Paris! 

animals  (goats  and  sheep,  which  stay  close  to  between  “domestic” 

'  See  the  more  detailed  list  drawn  nn  m  /be  house)  and  “nomads”, 
growing  in  the  Tonking  Delta”  .SocivTc  ‘’"ob  “Ricc- 

Pp'4':'f'l>ich'Las'  n^-enMy  pSed'i^.TnJ|-''’l  "1'“  P^l'lishedbv 

Agncultural  Economy  in  the  Woridl  London.  ' 
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riiii  sriu  ciriii-;  ok  A(iRici lturi:  am)  the  food  krorlem^ 

.  1 

J.  M.  Galheron,  b  ranee 
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In  the  l)eginning,  man,  then  nomad  or  only  hall'-sellled,  procured  hisj 
nourishment  from  wild  fruit  and  vegetables  which  he  picked,  supplemented 


hy  the  fruits  of  fishing  and  the  chase.  Later,  he  discovered  that  lie  could  he. 
more  sure  of  having  something  to  eat  if  he  cultivated  the  land.  This  devclo])-' 


ment  made  him  feel  a  proprietary  link  between  himself  and  the  land,  because 
of  the  work  that  he  put  into  the  soil,  and  because  the  joint  fruit  of  his  worki 
and  of  the  soil  was  a  necessity  for  his  livelihood. 

This  conception  is  still  common  among  })rimitive  peoples,  who  regard} 
property  as  a  relationship  between  themselves  and  the  universe,  both  natural 
and  supernatural,  which  has  mysterious  power  to  exercise  sovereign  righlsj 
that  cannot  be  usurped  over  people  and  things.  They  regard  the  land  as 


belonging  to  the  gods,  and  think  that  man  has  the  right  to*  malce  use  of  it. 

1  e  il  _ _ -T _ !  J  !  ^  /■»  O  M  * 


only  for  the  purpose  of  providing  for  his  needs  hy  his  own  work.  There  can 


be  no  question,  therefore,  of  inheriting  it,  and  the  only  things  that  man 
can  regard  as  belonging  to  him  are  those  which  he  needs  for  the  continuancel 
of  his  existence,  such  as  his  tools,  his  arms,  his  clothing  and  the  fruits  of 


his  own  labour  —  of  all  else  he  is  merely  the  tenant.  j 

This  conception  is  extended  to  cover  all  the  collective  groups  to  which 
e  individual  l>elongs  naturally  from  the  time  of  his  birth:  the  family,  thej 


the 


clan,  the  tribe,  the  village.  The  idea  of  ownership  is  thus  accorded  a  social 
character,  and  the  sovereignty  of  supernatural  or  supranatural  po\yers  is. 
exerc.ised  indirectlv,  through  delegatCvS  who  are,  by  tradition,  litualls 
api)oinled  hy  the  social  group  (tribe,  clan,  village  etc.).  Ihese  delegates 
decide  the  policy  of  the  unit,  notably  as  regards  its  relationship  with  the! 
land  from  which  it  derives  its  food.  Various  groups  stake  their  claims 
for  territorv  over  which  they  propose  to  exercise  their  user’s  rights  —  not] 
without  conflict  with  their  neighbours,  since  there  is  truth  in  the  saying. 
“He  who  has  land,  has  also  war”  —  and  then  distribute  it  among  theiij 
smallest  units,  the  familie.s,  for  cultivation.  In  some  ethnical  groups  m 
Africa  this  distribution  is  done,  in  each  village,  hy  a  Loid  of  the  Lai  j 
who  is  resi>onsil,lc  also  lo,-  Ihe  vital 
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the  magical  imvcr  with  which  he  is  credited,  ot  heing  able  to  control  the 


rain,  liecomes  the  Lord  ol  the  Crojis. 

Mail’s  oivnershij)  of  land  is  iiol  rigidly  fixed 


I 


ethnic  groups  (tribes,  clans)  or  social| 


gr;:^:“s;:  S  to  r'Slhution  or  this  territ„,.  within  thosd 
groiqis,  is  subject  to  constant  revision.  | 


1  A  eroiip  situated  in  tlie  middle  ot  a  wide  area  witlim  wlm: h  commeicial 
exchanges  arc  very  limiteed,  and  iinding  itself  threatened  with  famine,  as 
Ithe  result  of  had  harvests,  may  seek  a  direct  way  out  of  its  piedicament 
hv  pillaging  its  neighlKiurs.  Where,  however,  the  famine  is  due  to  an  in- 
Icrease  of  iiopulation,  it  becomes  necessary  to  conquer  new  territories  and 
i[  these  are  already  occupied,  the  process  generally  involves  bloodshed,  puu  i 
leases  have  always  been  frequent  in  countries  where  agriculture  is  primitive, 
hut  they  do  not,  of  coure,  constitute  the  only  cause  of ‘conflicts  and  of 
jicvisions  of  territorial,  political  and  social  lioundaries. 

A\'ithin  groups,  like  the  village,  which  come  immediately  above  the 
)faiiiilv,  the  distribution  of  the  land  has  always,  since  the  very  beginning 
of  agriculture  right  up  to  the  time  rigidly  legalistic  political  regimes  came 
linto  being,  been  governed  by  a  certain  customary  flexibility.  Such  distribu¬ 
tion  has  had  to  "be  revised,  from  time  to  time,  more  or  less  in  accordance 
pvith  variations  in  tbe  size  of  various  families,  or  with  increases  in  the 
'nuniber  of  families. 


j  It  will  be  seen  from  the  foregoing  analysis  that  man's  ownership  of  land 
is  always  conditioned  by  three  fundamental  factors:  the  ])ossibilities  of 
I  agricultural  j)roduction,  harvest  variations,  and  demographic  movements. 
'Man  has  always  tended  naturally  to  divide  up  the  land  in  accordance  with 
^food  requirements. 

It  would  be  a  mistake,  bowever,  to  think  that  the  actual  division  of  the 
jland  among  groups  is  in  accordance  with  some  unicjue  and  invarialde 
system.  It  is  not  the  product  of  a  system:  its  methods  have  varied  infinitelv, 
.both  in  time  and  in  s])ace,  not  only  in  accordance  with  the  needs  of  political, 
*  ethnical  or  .social  groups,  but  also  accoi'ding  to  tecbnical  cimditions  and 
^  to  the  concepts,  usually  myths,  that  in.spire  the  organization  of  human  rela- 
j  tions  \\ithin  groups.  Ibis  explains  how  it  is  that,  in  a  belt  across  northern 
Luiope,  lioin  li,ngland  to  Russia,  we  tind  traces  of  land  distribution  like 
Ja  jigsaw  i)uzzle  which  pre-date  by  a  long  time  the  “open  field”  principle 
which  succeeded  it.  This  distribution  of  the  land  in  closed  fields  of  irregular 
j  shape  probably  dales  back  to  a  civilization  wilb  a  social  order  different 
Iroin  that  whicb  produced  cultivation  in  parallel  strips.  The  distribution 
.ot  the  land  was  probably  tben  based  on  the  possession  bv  tbe  family  of 
)a  horse,  which  amid  be  used  for  iiloughing,  but  also  for  war.  Increase  of 

!  "  speaking,  of  the  human  popula- 

’  lo  slal)ihze  the  ethnic  groups,  and  this,  in  turn,  led  to  the 

oi^^anizalion  ol  inoduction  and  to  more  complete  utilization  of  fodder 
introduction  of  free  ])aslurage,  which  bromdil  the  “onen 
lelds  into  lieing.  The  traces  left  behind  by  these  Iransformarions  are  open 
J  o  arious  mteiqiretation,  of  course,  but  it  would  seem  certain  J  any  Tie 

u  -1!"" 
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The  communal  regime  ami  its  displacemenl  bij  jmvale  owncrshij) 


Where  agricullure  is  primilive  aiid  stagnant,  and  there  is  little  possibilitv 
of  coinincrcial  exchanges,  so  long  as  there  is  no  further  cultivable  land 
available,  the  territory  cultivated  by  a  stationary  group  is  usually  re¬ 
distributed  among  the  matrimonial  or  j)atriarchai  families  in  accordance 
with  their  needs  and  with  their  ability  to  work  it  (numbers  of  adult  men 
and  of  draught’ animals).  The  essential  bases  of  such  a  system  are  the 
aggregate  need  of  the  human  individual  and  of  his  working  capacity,  within 
the  framework  of  the  family.  It  is  limited  l)y  local  conditions  and  by  the 
technicpie  employed.  It  takes  into  account  the  necessity  of  mutual  aid  in 
defence  against  natural  adversities  and  against  external  ethnical  or  political 
threats.  It  is  for  this  reason  that  human  grou[)s  have  coalesced  into  small 
units  of  which  the  most  prevalent,  in  Kuioj)e,  are  the  Mediterranean  city, 
or  the  village,  which  is  the  conimonest  morphological  cx{)ression  of  the 
coimnune. 

By  this  j)rocess  theie  came  into  being  the  communal  regime,  of  which 
the  basic  characteristic  is  the  pooling  of  proj)erty,  and  more  jiarticularly 
the  common  ownershij)  of  the  lajid.  This  regime  corres])onds  historically 
with  an  agricultural  economy  to  meet  actual  requirements,  and  excludes 
any  kind  of  speculation.  If  however,  it  did  not  suffer  from  the  excesses  to 
which  speculation  leads,  it  also  did  not  evolve  towards  the  development 
of  j)roductiO'n  and  the  technical  improvements  which  make  it  {possible 
to  raise  standards  of  living. 

The  disajipearance  of  the  communal  regime  as  the  result  of  the  dissolution 
of  primitive  agrarian  structures  was  accompanied,  on  the  contrary,  by  the 
development  of  industrial  economy,  which  it  fostered  by  providing  industry 
with  the  mani)Ower  of  landless  men,  ready  to  accept  the  most  degrading 


working  conditions. 

A  ver}^  clear  example  of  this  is  j)rovided  by  England,  where  the  practice 
of  enclosure,  which  ]Hit  an  end  to  the  common  land  owned  by  the  \illages, 
developed  so  much  between  the  l‘2th  and  hSth  centuries  that  by  IToO  the 
land  was  worked  bv  7  i)er  cent  of  the  po])ulation  and  owned  by  only  2  per 
cent,  after  which, 'of  course,  agricultural  ])roduction  fell  far  below  the 


forced  off  the  land,  was 


country’s  rc(|uirements. 

Idle  former  communal  peasantry,  graduallv 
reduced  to  the  condition  of  the  urban  i)roletariat,  to  the  advantage  ot 
industrial  capitalism,  and  for  many  centuries  afterwards  its  living  condi¬ 
tions  were  lower  than  those  of  its  free  ancestors  on  the  common  lands. 
These  conditions  could  not  he  improved  until  the  increased  ‘lcvelo|.men 
of  induslrv  and  ot  trade,  due  to  the  introduction  of  steam,  lirouglit  cheap 
n'Micultuial  products  from  tlic  colonies  to  the  l-.nglish  |iorls. 

"rhe  extension  of  speculative  agriculture  to  countries  outside  hiirope 
resulted,  in  fact,  from  the  search  of  the  Ivuropean  coiiiilrios,  headid  In 
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S  J  England,  fur  cheap  agricultural  products  for  fhcir  working  people.  It  enab  t 
the  costs  of  industrial  [iroduction  to  be  kept  as  low  as  {jossible,  and  nidus  i> 

!]  to  he  supplied  with  materials  on  favourable  terms. 

^  -.I-  11- . .  ....  pasis  of  an  industrial  capitalrsi 


In  Europe  itself,  development  on 
economy  sometimes  jirofoundlv  altered  the  structure  and  charactei  of  the 
agricultural  system.  Thus,  in  hbrnice,  where  the  land  was  freed  from  its 
feudal  usurpers  by  the  Revolution  ol  1789,  and  passed  into  the  liands  of 
the  bourgeoisie  of  the  towns,  and  countryside,  it  subsequently  liecame 


:i 

:!] _ ^ 

.split  up,  either  by  the  action  of  the  Civil  Code  governing  inheritance,  or 
1  by  the  purchase  of  small-holdings  by  the  peasants,  as  occasion  presented 
itself.  The  increase  of  the  population  of  Europe  from  175,  to  500  million 
"]  inhabitants  in  the  course  of  the  19th  century  demanded  increa.sing  agri¬ 
cultural  production,  of  which  an  ever-growing  proportion  was  destined 
1 1  for  sale.  With  agricultural  technique  still  not  far  in  advance  of  that  of 
^  former  generations,  the  yield  of  the  soil  remained  dependent  on  the  work 
, .  put  into  it  and  on  its  being  fertilized  with  natural  manure,  with  the  result 
’  >  that  a  large  farming  population  became  necessary.  Thus  the  conditions 
of  production  and  the  prevailing  customs  coml)ined  to  foster  the  multi- 
1 1  plication  of  farms.  It  had,  in  fact,  to  he  recognized  that  the  land  wus 
farmed  better  when  the  farmer  owned  it,  but  an  even  more  iinportaid 
•  I  factor  in  this  connexion  was  that  landed  property  gave  prestige. 

In  France,  the  number  of  tax  accounts,  representing  thee  number  of 
1 1  taxable  properties  in  each  commune,  rose  from  10  29G693  in  1826,  to 
^  14  3.35  738  in  1882,  desj)ite  the  loss  of  Alsace  and  Lorraine.  It  is  true  that 
production  also  increased  over  that  period,  hut  this  was  due  largely  to  the 
extension  of  the  area  under  cultivation  and  to  better  alternation  of  crops, 
and  in  spite  of  it,  fiance  has  been  obliged  to  import  wheat  regularly  since 

[}  the  middle  of  the  19th  . .  ""  ’  i  -  i  •  ‘  ... 

the  18th  Centura". 
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century,  just  as  fhighmd  has  been  since  the  end  of 


1  arious  types  of  holding  and  progressive  agriculture 

\\  hen  all  is  said  and  done,  however,  it  is  undouhtedlv  a  fact,  which  has 
I)  country  right  u])  to  the  present  day,^that  the  division  of 


[) 


1) 


the  land  among  small  and  medium  individual  proprietors  leads  to  an 
mciease  of  agricultural  production.  Rut  there  are  exceptions  to  this  lule  as 

wa^soTp^’  century,  when  the  demand  for  land 

^\as  so  keen  that  the  farmers  were  forced 

[[.rentals,  and  adopted  the  practice  of 

the  soil  and  eliminates  labour. 

[f  Partition  of  the  land,  when  carried  to  the  extreme,  often  landed  tlm 
wnei -farmer  m  an  intolerable  economic  situation,  for  the  spliltim>  un  of 


to  grant  leases  at  very  high 
culture  lor  leave”,  which  exhausts 


Xe\ ei  theless,  where  Ihe  small-holding  is  a  relatively  stable  nucleus  of 
an  estate,  it  has  Ijeen  tound  to  he  good  for  delicate  cultures  which  ])rovide 
high-(iuality  products,  and  which  demand  careful  handling  by  skilled 
workers  with  special  technical  knowledge,  combined  with  the  maintenance 
of  the  soil  in  a  high  state  of  lertility.  Examj)les  of  such  cultures  are  vines 
for  the  j)rodnction  of  high-(juality  wines,  tobacco,  flowers,  fiuit-trees,  high- 
({uality  cheeses  like  le  Comte,  and  so  on.  In  this  respect,  recent  develop¬ 
ments  in  agricultmal  technicpie  have  not  appreciably  modified  historical 
experience.  Coaisidered  as  a  whole,  however,  these  cultures  are  limited  to 
luxury  products  and  do  not  meet  basic  alimentary  needs. 


The  prosperity  of  individual  small-holder  production  has  had  only 
a  short  history  —  a  little  more  than  100  years  in  Euroj)e  —  and  ownership 
has  not  always  l)een  necessary  for  the  perfection  of  agricultural  techniques, 
or  for  the  increase  and  improvement  of  ])roduction.  The  organization  of 
the  relationship  l)etween  the  owner  and  the  exploiter  exercises  as  decisive 
an  influence  as  does  the  ownershij)  of  the  land  by  the  exi)loiter.  It  may  seem 
surprising,  hut  crop-sharing  has  sometimes  yielded  very  good  results,  both 
technical  and  economic.  This  is  the  case,  for  instance,  with  fruit-growing 
(peaches  in  the  valley  of  I’Eyrieux,  in  France)  and  with  the  best  stock- 
raising  (Charolais  Limousin). 


In  the  west  of  France  one  finds,  besides  the  more  usual  tyj)es  ol  leasehold, 
sj>ecial  types  designed  to  meet  the  fundamental  requirements  of  the  ex- 
j)loiter,  who  is  anxious  not  to  lose  the  Iruits  of  his  labour.  Ihus,  lor  exam])le, 
there  is  what  is  called  a  lease  “d  complaiir,  which  guarantees  to  the  sitting 
vine-grower  that  he  shall  have  tenure  of  the  land  during  the  lifetime  ()f 
the  vines  that  he  has  planted.  Another  example  is  the  "bail  a  donmine 
congeable”,  which  guarantees  to  the  tenant  that  any  expenditure  by  him  on 
building  or  on  amehoration  of  the  land  during  his  tenancy  will  be  refunded 
to  him  when  his  lease  is  terminated.  In  the  latter  case,  the  value  of  the  work 
is  often  so  considerable  that  the  landlord  woud  think  twice  befoie  e\icting 
his  tenant.  These  tvpes  of  lease  are  relics  of  the  system  of  land-tenure 
lu-evalent  in  the  M'iddle  Ages,  whereby  the  “tenant”  held  the  land  m 
perpetuity,  and  had  the  right  to  pass  it  on  to  his  descendants  or  to  his 

}>artners,  but  not  to  let  it  out. 

In  the  Middle  Ages,  however,  under  the  feudal  regime,  land  which  was 
not  thus  passed  on,  returned  to  the  landlord,  and,  in  order  to  avoid  this, 
memhers  of  a  familv,  including  collaterals,  i.  e.  of  a  family  with  a  common 
ancestral  origin,  often  formed  themselves  into  coimnumties  .  Besides 

Ihcse  rainily\'onm,u..ilies,  ti.ere  we  oll.er  ,n’r 

people  whose  onlv  lelalionship  wilh  eacli  other  was  Ihe  lait  lhal 

lived  and  eaten  I0f>ell.er  for  a  year  and  a  day,  "'''‘■''y'’.'''™® 
proof  that  Ihev  liad  pooled  Iheir  helon-nigs.  Ihns  coini.lyn.g  " 
ial  principle  of  a  connnunilv.  These  coininunihes  oflcn  hecanie  ui\  |h)wu  - 
tul,  deihlllg  ll’et  power  Iron,  the  fad  Ihal,  in  Ihe  historical  cond, lions  then 
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^  ohlainiiii*,  llicv  could  I’ariii  on  progressive  lines  and  lluis  draw  more  Ikuii 
die  land  than  individual  leiiants. could. 

]  II  is  iuij)ossible  to  draw  any  general  coiiclusion  Iroin  the  economic  and 
social  order  characterized  by  individual  ownership  oi'  land,  because  that 
i  type  of  ownership  was  not  established  solely  lor  the  advantage  of  the  jiro- 
jirietor  who  worked  with  his  own  hand,  helped  mainly  hy  his  own  lamily. 
]  Over  vast  parts  of  the  globe  many  large,  even  huge,  estates,  covering  con- 
sideraljle  areas  and  comj)rising  several  enlerjnises,  have  been  established. 
I'his  has  gone  on  in  Europe  as  a  whole  since  the  days  ol  teudalism,  but 
^  in  Italy  it  goes  right  back  to  antiquity.  In  the  underdevelo])ed  countries, 
however,  it  is  the  result  of  caj)italism.  These  large  estates  always  go  in  for 
}  extensive  farming,  and  often  confine  themselves  to  a  single  croj)  (coffee, 
sugar-cane,  cotton  etc.).  Nowadays  they  are  .seldom  interested  in  j)roducing 
]  foodstuffs,  for  their  aim  is  to  draw  as  large  a  net  income  as  possible  froLU 
the  soil  or  to  derive  immediate  profits  from  a  speculative  crop,  regardless 
1  of  the  maintenance  of  the  fertility  of  the  soil.  This  .system  irsed  to  be  pre- 
^  valent  in  central  Europe  and  the  Hal  tic  countries,  and  is  still  so  in  Italy 
I  and  Sjmin.  It  exists  also  in  the  more  thinly  j)Oj)ulated  of  the  underdeveloped 
1  countries,  such  as  Central  and  !South  America,  Australia,  and  .so  on.  It  does 
^  not  provide  enough  food  lor  the  people  ol  the  counlrv  in  which  it  j)ievails. 

I  It  would  be  a  mistake,  though,  to  suggest  that  backward  agriculture  or 
j)ractices  which  destroy  the  lertility  ol  the  soil,  occur  onlv  under  capitali.st 
j  large  scale  private  ownershij)  of  the  land,  for  tribal  ownershij),  esi)ecially 
among  mrmad  or  semi-nomad  j)eoj)le,  as  in  .\li’ica,  and  even  communal 

]  ownership  among  a  settled  peoi)le,  as  im  Madagascar,  mav  lead  to  the  same 
lesults. 

I  Suinming  uj),  it  may  be  stated  that  individual  ownership  and  individual 
laiming  are  not  strictly  linked  to  progressive  agriculture.  Their  advantages 
^are  relative  and  dependent  on  historic  conditions.  Technical,  economic  and 
)  general  social  conditions,  sometimes  even  local  circumstances,  modifv  their 
etlects  Ihus  111  the  mountains,  where  conditions  for  agriculture  are  hard 
jone  olten  Imds,  even  m  advanced  countries,  survivals  of  communal  regimes 
VP several  hundred  years  old,  and  sometimes  actual  communities, 

pastures,  in  the  Alps  and  the  Pvrenees,  for 

,c.xplo!,aVi“TyiddA.«ell;  O.ul  „1 

viirilf."?'''"'  fiimi  a  scK-ial  and  le«al  poini  nl 

j'vas  pe  manent.  sul,jccr  I'o  II, e  c,H,di;i„,,Ali;X' 


The  [iilure  evolution  of  landed  properly  ■ 

At  the  present  time  land  reform  measures  to  break  up  the  big  estates  and  | 
make  their  land  the  property  of  those  who  work  it  aie  in  progress  in  most 
parts  of  the  capitalist  world.  These  measures  arc  along  two  converging  | 
lines,  of  which  the  first,  which  is  above  all  social,  aims  at  breaking  up  the 
big  estates  into  independent  small-boldings,  wbile  the  second,  which  is  i 
al)ove  all  technical,  collects  these  small-holdings  together  to  form  larger 
units  or  lots,  ostensibly  with  a  view  to  facilitate  their  working.  Ihe  first 
disintegrates  the  large '^estates,  while  the  second  re-integrates  them,  and  is  I 

actually  called  re-integration.  .  . 

d'hese  two  reforms  lead  to  more  or  less  Ihe  same  result:  the  constitution  | 
of  small  and  medium-sized  agricultural  holdings.  I  here  is  a  diffeience 
between  them,  however,  in  tbe  fact  that,  whereas  the  former  (disintegi  ation)  j 
benefits  only  the  working  land-holder,  the  latter  (re-integration)  benetits 
all  land-holders,  whether  working  or  not.  As  the  result  of  this  the  structure  j 
which  emerges  from  the  former  is  much  more  rigid  than  that  which  emer- 
<^es  from  the  latter.  The  former,  moreover,  allocates  holdings  of  delmite  size 
and  structure,  which  are  in  principle  invariable,  to  families  which  vary 


in  size  at  various  times.  trv  i 

In  this  way  the  quasi-permanent  diseiiuihbrium  between  the  area  t  , 

be  exploited  and  the  means  available  for  its  exploitation  becomes  aggrava  - 
ed,  for  Ihe  means  available  for  individual  agncullural  exploitation,  of  | 
Nvhicli  the  most  important  is  generally  llie  family  manpower,  ““J  ‘ 
■inre  willi  tlie  area  to  be  exploited  onlv  during  two  short  periods,  when  the 
childr  1  Ihriainilv  are'sinall,  and  when  the  family  loses  ^heng  h  by 
mrdenarlure  of  the  grown-up  children.  There  is  a  similar  disequihli  unn 
between  the  needs  of  the  familv  and  the  size  of  the  family  holding,  and  I  ns 
expiabs  wh^!  in  France,  the  system  of  family  allocations  has  been  extended 

vshnrof'h'dividnal  capitalist  ownerslrip  of  land  Iherefore  the 
1  .  ••inndll  hZun"”  is  never  more  than  a  temporary  reality,  on  which 
iUrinrpossihle  to  ba'^e  a  progressw^ 

»,v  !“Xexcurt 

Ine^n^tliat  laLlX\rihnUornm  in  accordance  with  tire  size 

It ^Smt  m;t 

valde  land  can  l)e  used  to  the  bes  V  production  must  1)0  increased 

of  mankind.  To  meet  those  neei .  ,  .  f,  :.‘i,ni,|  mechanization.  Does  this 

forthwith,  and  this  cannot  he  to  ,he  optiinnm  made 

mean  that  tlie  size  ot  holdings  >nn^  “^Peen  the  tendency 

ElfrtnrtradS'u  be  ith  t;  say!  Yes,  to  this.  For  though  it 


fif) 


k  I 


I ) 

'  '  is  true  that  the  in\ 


,’ention  of  the  horse-collar  and  the  horse-shoe  consider- 
,  ably  upset  both  the  agrarian  structure  and  the  social  order  of  the  day, 
'  1  the  consequent  iinprovement  of  horse-traction,  though  great,  did  not  bring 
about  such  a  great  change  in  the  speed  of  agricultural  work  as  the  tractor 
I ;  has  done.  Moreover,  the  latter,  by  making  it  possible  to  dispense  with 
draught  animals,  has  produced  an  effect  which  may  prove  serious,  for  the 
’  j  maintenance  and  improvement  of  the  fertility  of  the  soil  calls  for  the  use 
of  natural  manure,  for  which  a  reliable  substitute  has  yet  to  be  found.  In 
-  order  to  secure  this  natural  manure,  animals  must  be  kept  in  stables,  at 
‘  least  during  part  of  the  year,  and  this  necessity  has  made  it  possible  to 
^  observe  that,  to  maintain  a  proper  balance  on  a  farm,  the  stables  should 
i  not  exceed  a  certain  size  (40  to  60  milch  cows,  for  example),  or  the  animals 
will  not  he  well  enough  looked  after,  the  manure  will  become  ijiferior,  and 
]  its  transport  to  the  field  will  become  too  onerous  a  task. 

M  hat  is  required  in  the  future,  therefore,  is  a  flexible  organization  of 
j  agrarian  systems  such  as  may  be  realized  simply  by  having  a  periodical, 
collective  redistribution  of  the  right  to  use  arable  land  based  on  its  cons- 
j  titution  of  a  working  unit  (agricultural  grouping),  instead  of  on  its  splitting 

up  or  re-integration  solely  on  grounds  of  ownership  (re-integration  of 
^  property). 

J  Idiere  is  no  reason  why  one  should  not  consider  also  the  idea  of  re- 

integratioii  of  land  actually  worked  on  a  communal  basis,  either  directly 

by  the  owners,  or  by  the  farmers  or  croj)pers.  There  has  been  a  tendency 

to  do  this  in  France  since  the  end  of  the  second  World  War.  Within  these 

j  communities  which  naturally  embody  the  ancient  kinds  of  association, 

as  occurs  in  the  kihutsins  in  Israel,  memliers  may  specialize,  and  may  also 

study  since  they  have  more  leisure,  and  may  thus  increase  their  production 

fnr  n  *1*,  "’orkhig  38  iiidividuals.  Theie  is  no  need 

nrnrf  -  n'““i'  J  measure  is  siniplv  lo  e\- 

■  propriale  Ihe  land  and  liand  it  over  to  co-operatives  for  exploitation 

iJH  problem  of  the  distribution  of  land  so  *as  to  secure  its 

- her  u*  T  solution  everyXil 

.  centuries  mainlv  for  the  production  f 

>r“srr;re  tdrL::;^'d’’iran  ~ 't  rs 

'  mers  achievin'  a  certain  . n  nin.^  a  '  '."""‘'oning,  insist  on  ihe  fa,  - 
their  farms,  hr  the  USSR  the'nV'i*'  V''*'””'  on  pain  of  expulsion  from 

appa.entover-p,.oduclion  i..  agHcuCr'll,l'" 

ptnuption,  and  there  are  other' countries  vvhe.-e  cll.he^mid ‘?acZ'lrngm. 
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has  not  disappeared.  Physioli^gieal  needs  I’ar  greater  than  the  needs  ot  sul- 
M.iu\  (annol  be  met  loi'  lack  ol  jiurchasing  p()\ver.  There  is  a  growing 
diseqnilibriinn  between  production  and  consumption. 

I  be  most  urgent  thing,  ol  course,  is  to  adjust  international  relations  so 
as  to  Clue  this  disecjuilibrium.  Hut  Ibis  must  not  be  done  in  such  a  way 
as  to  place  the  jieasanls  in  unfavourable  economic  conditions,  otherwise 
the  situation  would  be  made  worse.  As  a  matter  of  fact,  it  is  the  countries 
with  an  essentially  agrarian  economy  which  suffer  most  from  under¬ 
nourishment.  As  lar  hack  as  1943,  the  inter-Allied  conference  at  HTt 
Springs,  attended  by  the  representatives  of  44  nations  declared;  “//  is  the 
(Inly  of  every  ncition  to  see  that  its  j)opulation  has  the  foods  necessory  for  ds 
life  (ind  heedth”. 

In  conclusion,  it  must  he  stated  bluntly  that  the  jirohlem  of  adjusting 
agrarian  structures  is  further  complicated  by  the  rivalry  between  agriculture 
and  industry,  to  which  I  first  drew  attention  in  1940,  and  of  which  the 
ca[)ital  inijiortance  was  emphasized  by  Stalin  in  1952,  when  he  wrote; 
''This  problem  luis  not  been  raised  in  the  classics  of  Marxism.  It  is  a  neiv 
problem,  raised  by  our  practical  experience  in  the  buildiny  of  Socialism  . . . 
il  cannot  be  .said  that  this  problem  is  ab.solulely  imayinary.  It  is  an  ex¬ 
tremely  serious  problem  for  us\  ("The  Economic  Problems  of  Socialism 
in  fhe'r.S.S.ri,  1952). 

'I'he  problem  became  a])parent  in  the  U.S.S.R.  in  the  course  of  its  industrial 
develojmient,  hut  it  is  present  in  every  country.  It  is  one  which  is  universal 
and  wliich  dominates  the  whole  economy  of  the  world.  It  is  constantly  re¬ 
current  in  ever  growing  force,  and  Bergson  forecast  a  solution  lor  it  when 
he  wrote,  comjiaring  the  use  of  machinery  in  industry  and  agriculture, 
respectively;  "Here,  as  elsewhere,  il  is  to  be  desired  that  there  should  be 
a  cenlral  oryaniziny  mind  to  co-ordiiude  industry  and  ayriculture’ .  (  1  he 
Two  Sources  of  Morality  and  Reliyion"). 

I  do  not  propose  to  go  too  deeply  into  this  (piestion,  hut  will  siniiily  slate 
that  the  co-ordination  of  industry  with  agriculture  means  subjecting  in¬ 
dustry  to  the  jiace  of  agriculture.  4'he  only  ways  in  which  to  d(>  this,  it 
seems  to  me,  would  he  to  have  everyone  working  alternately  in  industis 
and  agriculture,  or  else  to  divide  tlie  working  members  of  every  faimly 
between  the  two  industries,  working  at  different  siieeds.  'hhis  would  mean 
a  standardization  of  conditions  tor  the  workei  -peasant,  though  theie  won  ( 
still,  of  course,  he  small  differences  resulting  Irom  specialization,  the  gi act¬ 
ing  of  work,  the  conditions,  and  economic  circumstances. 

The  problem  of  organizing  farmland  is,  therelore,  comidicated  by  a  new 
factor  which  dominates  all  others  in  relation  to  the  agrarian  f 

svstem.  How  will  this  factor  express  itself  m  each  country.  ^Miat  \m1  he 
its  evolution?  How  will  it  he  affected  by  the  intervention  ol 
authorities?  There  can  he  no  jirecise  answers  to  these  cpiestions.  AU 
we  can  see  is  that  in  everv  country  in  the  world  the  prohlem  ol  eslahlishiii^g 
internal  eciuilihrium  in  agriculture  cannot  he  treated  in  isolation  tiom  lha 


of  establishing  dynamic  equilibrium  in  the  relations  between  agriculture 
and  industry.  If  an  effective  solution  to  these  associated  prol)lems  is  to  be 
achieved,  we  must  start  already  [)reparing  for  the  dispersion  of  town  workers 
over  the  rural  areas,  by  making  the  agrarian  system  more  flexible  and  by 
dividing  up  the  land  with  a  view  to  its  utilization  to  the  best  purpose.  To 
this  end,  the  collective  should  exercise  more  and  more  rights  similar  to  the 
“sujneme  dominion"  of  the  Middle  Ages,  leaving  to  subordinate  units,  such 
as  the  family  or  the  co-operative,  the  “j)ractical  dominion”,  as  mentioned 
earlier,  in  England. 

In  any  case,  the  meaning  and  status  of  property  must  evolve,  losing  more 
and  more  its  individualistic  unlimited  and  irresponsible  character,  on  which 
ca])italism  is  based,  to  lesuine  the  ])eisonal  character  which  alone  makes  it 
possible  to  keep  a  lair  balance  of  everyone’s  rights  and  duties. 


69 


IIOAV  N^]^^  CHINA  INCREASES  HER  GRAIN  PRODUCTION 

l)y  Dr.  Yang  Hsien-tung, 

President  of  the  Agricultural  Association  of  Chijia 


^  China  has  heen  an  ancient  agricultural  country  with  more  than  500  mil¬ 
lion  industrious  peasants  and  an  area  covering  one  fifteenth  of  the  land  of 
the  world.  Nevertheless,  old  China  was  a  country  of  famines.  At  the  time 
when  the  country  was  liberated  in  1949,  the  total  grain  outj)ut  for  the  vear 
was  only  108  080  000  tons.  In  the  pre-liberation  days,  even  the  highest  annual 
production  of  grain  in  history  (1986)  was  only  150  000  000  tons! 

After  liberation,  owing  to  the  realization  of  land  reform,  the  development 
of  agricultural  co-operation  and  the  ado})tion  of  a  series  of  technical  im¬ 
provements  and  other  effective  measures,  tremendous  changes  have  taken 
place  in  grain  production.  In  the  course  of  seven  years,  the  total  grain  output 
has  increased  eveiy  year,  from  108  080  000  tons  in  1949  to  182  500  000  tons 
in  1956,  which  was  68’7  per  cent  higher  than  that  of  1949,  showing  an 
increase  of  88  8  j)er  cent  over  the  highest  figure  before  the  war  (1986)  and 
exceeding  the  j)lan  of  1957,  the  last  year  of  the  First  Year  Plan. 

The  above-mentioned  facts  reflect  the  great  struggle  of  the  broad  peasant 
masses  for  the  development  of  j)roduction,  vividly  testifying  to  the  truth  of 
economic  science:  that  only  when  the  laliouring  i)eoj)le  are  emancipated 
from  all  economic  and  political  bondages  can  social  ])roduction  power  be 
fully  enhanced,  and  that  only  when  relations  of  production  keep  pace  with 
the  character  of  productive  forces  can  the  development  of  j)roduction  he 
fully  ensured. 

Now,  I  have  the  pleasure  to  introduce  to  you  a  general  outline  about  the 
question  of  grain  production  of  China  as  related  to  the  system  of  land 
ownership  and  to  the  development  of  agricultural  co-operation. 


1.  Feudal  land  syslcw  kept  (jrain  produclion  in  bondage 

The  social  character  of  China  before  liberation  was  semi-feudal  and  semi¬ 
colonial.  In  the  course  of  the  expansion  and  penetration  of  imperialist 
influences  into  the  rural  economy  of  old  China,  the  foundation  of  feudal 
exploitation  —  exploitation  of  the  peasants  by  the  landlord  class  ^^as 
fundamentallv  {)reservcd.  A  great  jiart  of  the  land,  as  the  most  fundamental 
means  of  jiroduclion  in  agriculture,  was  usurped  by  a  few  landlords  who 
did  not  engage  in  agricultural  production. 

d'he  distribution  of  land  in  old  China  was  extremely  irrational.  Generally 
speaking,  the  landlords  and  rich  i^casants  who  did  not  lorm  one-tenth  ot 
the  rural  population  owned  about  70  per  cent  ot  land  riij-a  commun 

ities;  while  the  poor  peasants,  hired  labourers  and  middle-ciass  peasants 
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lo»ellier,  wlio  coinposed  90  per  cenl  of  Hie  rural  populalian, 

o^roiit  30  per  cent  of  the  laud.  Most  ol  tlie  iieasaiits  earned  II  eii  liMn„ 

eI;arL  or  partially  liy  teua.it  lannlng.  But  they  xvere  the  ch.ef  gram 

'’‘•^'landlord  cto'iu  China  practi.sed  severe  Ictdal  eMtloilulmu  of 
llic  peasants.  Kent  in  kind,  which  was  the  dominaiit  lorm  ol  luit,  w 
eenerallv  moi  e  than  30  per  cent  ot  the  total  output  |ier  year,  m  some  cases 
This  being  as  high  as  70  to  80  |ier  cent.  The  cash  rent  which  was  prevailing 
in  some  legion.^  was,  as  a  rule,  12  to  15  per  cent  of  the  price  of  the  laud  per 
year,  and  in  some  cases  this  was  as  high  as  20  per  cent.  It  is  estimated  tha 
in  old  China  at  least  some  30  000  000  tons  of  grain  (about  50  to  80  per  cen 
of  the  total  grain  obtained  by  the  iieasanls  of  the  whole  country)  was  roobed 
aniimally  by  tlie  landlord  class  in  Ihe  form  of  renls.  ^Hiese  high  rents  not 
only  robbed  the  peasants  of  a  ])art  of  the  products  of  their  surplus  labour, 
but  also  of  a  portion  of  the  products  of  their  essential  lahour.  hor  instance, 
before  liberation,  in  Chiangchiachiao  village,  Meitsun  district,  \\  usi  county, 
Kiangsu  province,  the  average  costs  of  production  for  a  peasant  to  cultivate 
one  moil  of  land  (one  mou  =  his  hectare)  were  ahout  o6  kg  of  rice;  while 
his  living  expenses  were  about  42  kg  of  rice.  Ihit  the  annual  output  of  this 
one  mou  of  land  was  only  165  kg  of  rice.  Alter  deducting  the  costs  of  pro¬ 
duction  and  the  living  expenses  above-mentioned,  only  67  kg  were  left. 
However,  the  peasant  had  to  pay  50  per  cent  of  his  output,  or  82'5  kg  of  rice 
per  mou  for  rent  as  designated  by  the  landlords.  Accordingly,  there  was 
a  deficit  of  15-5  kg  of  rice  after  the  rent  was  paid.  This  deficit  had  to  lie 
drawn  from  the  costs  of  the  nece.ssities  of  life  or  from  the  reserve  funds. 
4'hus  the  peasants  could  not  but  reduce  their  livelihood  to  an  extremely 
low  level  (Table  I). 


Table  1.  Average  Income  and  Expendilnre  for  each  mon  (Vi.".  hectare)  of  land  <;/ 
Chiangchiachiao  village,  Meitsun  district,  Wiisi  county,  Kiangsu  province. 

Unit:  Rice  in  kg  per  mou 


Income 

Item 

Expenditure  1 

— 

Cost  of  production 

56-0 

— 

Living  Expenses 

42-0 

— 

Land  rent 

82-5 

165 

Total  output 

— 

165 

Total 

180-5 

— 

Balance 

—  15-5 
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llie  huullonls  had  never  been  known  lo  miss  any  oi)j)orlunilv  lo  exploit 
the  peasants.  Even  when  the  peasants  made  cei  taiii  imj)rovenients  in  i)ro- 
diielion,  sneh  as  reelaiming  some  wasteland,  setting  up  some  irrigation 
laedities,  or  improving  the  soils,  the  landlords  would  he  certain  to  increase 
the  rent  corresjiondingly,  until  the  jveasants  lost  their  fruit  of  labour,  even 
when  there  was  a  hum])er  harvest.  Thus  the  enthusiasm  of  the  peasants  for 
cultivation  and  technical  iiirjirovemenls  was  destroyed. 


1  he  iiiational  leudal  land  system  not  only  made  grain  jiroduction  un- 
stal)le,  Imt  also  made  the  jirojiortion  ol  marketalile  grain  very  low,  and 
therefore  old  China  continued  to  have  insufficient  grahi  for  a  long  period, 
h  or  instance,  in  19d2,  the  value  ol  imported  rice  was  the  biggest  item  in 
the  values  ol  imjiorted  goods,  d'he  same  was  true  in  19dd,  1994  and  UKlo. 


2.  Lcind  rejorm  slimiildlcs  Ike  dcvelopmcul  of  groin  j)r()iluciioii 


Alter  the  lounding  of  New  China  in  1949,  the  (iovermnenl  understood 
very  well  that  the  backwardness  in  agricultural  production  in  the  past  was 
jHecisely  the  result  of  the  feudal  land  system.  In  June  19o0,  the  Govern¬ 
ment  juomulgaled  the  Land  Reform  Law,  and  the  fondest  dream  of  mil¬ 
lions  of  Chinese  j)easanls  came  true.  J'he  main  feature  of  land  reform  is 
the  confiscation  of  the  land  of  the  landlord  class,  for  dislrihulion  among 
the  landless  and  landpoor  jieasanls,  and  lo  transform  the  feudal  land  owner¬ 
ship  into  j)easanl  land  ownership.  Land  reform  not  only  abolished  forever 
the  irrational  system  of  land  ownershij)  and  liberated  the  great  masses  of 
landless  and  landpoor  jreasanls  from  the  oppression  and  exploitation  of 
landlords,  hut,  what  is  more  imj)orlanl,  also  created  favourable  conditions 
for  the  develoj)menl  of  agricultural  j)roduclion. 

Land  reform  was  basically  comj)leled  in  the  .spring  of  1959.  The  trans¬ 
formation  of  the  .system  of  land  ownershij)  brought  great  advantages  lo  the 
|)easants.  About  9()()  million  landless  and  land|)oor  jveasanls  in  the  whole 
country,  rej)resenling  hO  lo  70  j)er  cent  ol  the  whole  rural  [)o{)ulalion, 
received  about  47  million  hectares  of  land  and  aj)j)ro|)rialed  the  rents  ('f 
more  than  90  million  tons  of  grain  which  jueviously  had  had  lo  he  given  lo 
the  landlords  every  vear.  As  well,  those  who  thus  ol)lained  land,  as  a  l  ule, 
leceived  houses,  draught  animals  and  .some  grain. 

As  a  result  of  land  reform,  the  j)rincij)le  of  “Land  to  the  'nilers’  was 
realized  and  j)easanls  no  longer  ])ay  rent,  'riuis  the  j)roj)orlion  ol^  their 
investments  for  j)roduclion  increased  each  year  and  Iheii  means  oi  j)io- 
duclion  gradually  began  to  suit  ice.  All  these  changes  have  laid  the  maleiial 
foundation  for  the  further  ex])ansion  of  cultivation  and  enhanced  the  pro¬ 
ductive  force  of  the  rural  communities. 

J'he  continuing  im])rovement  of  j)r(;duclive  loices  in  the  rural  commun¬ 
ities  greallv  stimulated  the  enthusiasm  of  the  i)easanl.s  in  the  imj)rovemenl 
of  their  production  lechni(iue.s.  After  land  reform,  the  j)eoi)les  governments 


I  'U  'ill  levels  eslablisheil  a  nunilier  ol  agi  ieiilliiral  (»rf-aiiizalKms,  Ij-'' ' 

n  ea  slalionr leading  II, e  |,easa„ls  K,  lullH  Uie  “I'alnoUc  I.uaeasii.H  P 
i  (luiV.mi  McivcMiieiils’’,'  designed  Ini'  Hie  |iroinoliiig  <>1  lecliin(|ues  ami  he 
laising  ol  picMliic-lioii.  Millions  upon  millions  ol  |ieasanls  have 
;,ew  lai-ming  melhods  and  laised  Ihe  onlpnl  ol  g.ams  and  olhe,'  e.ops. 
Advaneed  agi  ieulluial  leehnicpies,  such  as  good-quahly  seeds,  deep  piou^h 
I  ing,  close  p'lanling,  applying  moie  nianine  lo  the  land,  pievenling  plan 
diseases  and  iinsecl  pests  and  so  foi  lh  have  heen  widely  adopted  llnnugnont 
»  Ihe  countiy.  These  lechniipies  have  played  an  inipoitanl  paid  n,  raising 

^  yield  of  grains  per  unit  area.  •  ,  ,  • 

As  a  resull  of  the  eoinplelion  of  land  relorni,  together  with  the  iinpio\e- 
!  inents  adopted  by  the  peasants  and  the  increase  of  iiroductive  investments, 
grain  production  in  the  country  has  come  to  show  gradual  advancements. 
In  1952,  the  total  grain  output  for  the  country  had  already  leached  the 
target  of  165  900  (M)(i  tons  which  surpassed  any  previous  record,  and  in  19511, 
tlie  total  grain  outjiut  reached  lOO  SOO  000  tons. 

•  5.  Agricnlliudl  prodiiclunr  co-opcraiion  is  Ihe  fuiidaineiilal  p(dh  lo  iiicreosc 
^  (ji'nin  output 

After  the  completion  of  kmd  reform,  the  agricultural  co-o])eralion  move- 
iiient  has  been  develojied  systemalically  stej)  by  step  thioughout  the  country. 
It  is  the  fundamental  way  for  further  advances  in  agricultural  j)roduc- 
tion  and  for  incieasing  grain  oiiljiut.  It  is  also  the  way  for  the  j)easants  to 
get  rid  of  jioverty  and  exj)loitatio'n  forever  for  the  betterment  of  tlieir  liveli¬ 
hood  and  the  achievement  of  common  prosjierity. 

The  organizational  forms  for  the  develo-pment  of  the  agricultural  co¬ 
operation  movement  in  (Ihina  are  mutual-aid  teams  ami  agricultural  pro¬ 
ducers’  co-opera  t  i  ves. 

Mutual-aid  teams  are  peasants’  organizations  for  collective  labour  and 
mutual  aid,  organized  on  the  basis  of  individual  economy,  that  is,  of  the 
'  private  owner.shii*  ol  land  and  other  means  of  ])roduction.  After 

joining  a  mutual-aid  team,  ihe  memhers  have  a  free  hand  to  use  their  own 
land  as  they  wish,  hut  Held  work  is  conducted  in  mutual-aid  form,  tem- 
porary  or  year  round,  by  meini>ers  of  the  whole  team.  Mutual  aid  of  this 
I  lv’])e  overcomes  the  difficulties  of  the  insufficiency  of  labour,  draught  ani¬ 
mals  and  laim  im])lements.  Ibis  i('rm  ot  agricultural  co-operation  was 
developed  on  a  large  scale  helore  1954.  The  crop  yield  j)er  unit  area  attained 
by  mutual-aid  teams  is  generally  higher  than  that  of  the  individual  pea- 
sants.  According  to  the  surveys  of  ten  villages  in  the  three  provinces  of 
Kiangsi,  Hupei  and  Hunan,  the  iiea.sants  who  jninfd  the  mutual-aid  teams 
in  .0.1  overcame  certain  difficulties  of  individual  iieasant  j)roduction  an.d 
;succes,s hilly  laisecl  llu-ir  h,l,„ur  pniduclivily,  as  II, e\  were  organized,  helped 
carl,  Ollier  and  worked  rolleclivelly.  Therefore  Iheir  average  onlpnl  (rice 
, nnsrellaneons  grams  ete.)  per  heelare  reaehed  4  411)  ke.  while  II  e  onlpnl' 
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of  the  iiulividiial  peasants  “working  on  their  own”  was  only  3  307  kg,  i.  e. 
an  iini)roveinent  of  33  per  cent. 

'riie  agricultural  producers’  co-operatives  are  the  collective  organizations 
of  the  labouring  peasants,  organized  on  a  voluntary  basis  and  for  mutual 
benefit.  They  collectively  make  use  of  the  chief  means  of  production  of  ■ 
the  co-operative  members,  such  as  land,  draught  animals,  farm  imj)lements 
and  so  forth,  gradually  transforming  the  private  owner.ship  of  these  ineau'J 
of  production  into  collective  ownership.  Fhey  organize  their  members  to 
carrv  out  collective  labour  and  the  fruit  of  the  collective  labour  is  distributed 
among  the  members. 

There  are  two  tvpes  of  agricultural  producers’  co-operatives:  elementary 
and  advanced.  During  the  elementary  stage,  the  co-operative  has  a  part  i 
of  the  means  of  production,  owned  jointly  by  the  meml)ers,  malting  use  ol 
the  land,  labour  and  means  of  production  in  a  unified  manner.  Members 
of  the  co-operative  still  retain  their  private  ownership  of  land,  collecting 
a  certain  portion  of  the  earnings  according  to  the  land  they  pool.  This  kind 
of  agricultural  producers’  co-op  is  of  a  semi-socialist  charactei.  In  the 
advanced  type  of  co-op  (equivalent  to  the  collective  larm  in  the  Soviet  ^ 
Union)  which  is  entirely  socialist  in  chai-acter,  the  land  of  the  members  and 
other  means  of  production  have  passed  to  collective  ownership.  This  kind  ^ 
of  advanced  type  of  co-operative  is  greatly  superior.  It  is  able  greatly  to 
emancipate  the  productive  force  in  the  rural  community,  stimulating  the 
enthusiasm  and  initiative  of  the  peasants  and  increasing  the  labour  alien-  ; 
dance  and  the  labour  productivity  of  the  farmers.  Besides,  this  advanced 
tvpe  of  co-operative  jiossesses  the  conditions  and  potentialities  to  carry  out  j 
productive  undertakings  which  individual  peasants  never  dared  to  do  or 

even  to  think  of  in  the  past.  .  i 

Imllowing  the  completion  of  land  reform  and  the  extensive  developmenf 

of  niulual-aid  teams,  agricultural 

organized  in  one  group  after  another.  In  the  autumn  ot  t9ou,  there  made  its. 
annearance  the  groat  uiisurge  of  agriculluial  co-operation  movement  on 
a'^natirwide  scale.  Since  The  autumn  ot  t955,  there  has  heen  a  funda-J 
mental  chan"e  in  tlie  rural  conimunity,  and  socialist  collective  economv  ot 

a  "  ultni;  ims  almost  entirely  displaced  the  old  .I--'' 

nnniv  Accordiiu^  to  the  latest  statistics,  over  93  per  tent  ol  the  jicasani 
households  in  the  entire  country  have  joined  the  advance!  type  o  agri 

"  Th^Kham^elX^rraU^  ot  production  resulting  from  the  co- 
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i  24  000  000  heclares  of  inigaled  lands  were  improved.  In  1956,  the  water 
conservancy  projects  completed  had  enlarged  the  irrigated  area  by  6  700  000 
I  hectares.  This  figure  exceeded  the  achievements  of  the  ahove-mentioned 
six-year  period  following  liberation,  and  also  exceeded  one- third  of  the 
H  total  irrigated  area  of  old  China.  The  extending  of  irrigated  areas  by  con¬ 
verting  dry  land  into  irrigated  fields  by  the  agricultural  i)roducers’  co- 
r;  operatives  and  the  Government  has  come  to  play  an  important  role  in  the 
increase  of  grain  production. 

The  agricultural  mutual-aid  and  co-operative  organizatioais  have  shown 
1  their  superiority  in  the  improvement  of  agricultural  techniques.  From  1953 
to  1955  Ihe  total  area  in  the  entire  country  planted  with  good-quality  grain 
)  seeds  was  increased  from  approximately  10  million  hectares  to  49  772  400 
hactares,  an  increase  of  397  per  cent.  With  regard  to  the  accumulation  of 
1  farm  manures,  the  agricultural  producers’  co-operatives  in  the  various 
])laces  have  been  extending  the  movement  to  increase  the  storing  of  coin- 
posts.  In  Hopei  province,  where  all  the  co-operatives  have  jiassed  on  to  the 
advanced  type,  the  total  quantity  of  composts  stored  by  the  province  as 
a  whole  in  the  spring  of  1956  was  29  300  000  tons,  exceeding  the  total 
quantity  of  1954  by  200  per  cent.  This  means  correspondingly  raising  the 
fertility  of  the  soil.  In  the  agricultural  producers’  co-operatives,  the  joining 
up  of  the  lands  and  the  unified  allotment  of  labour  power  have  created 
conditions  for  the  change  of  the  system  of  cultivation. 

In  the  last  few  years,  on  the  basis  of  the  agricultural  co-operation  move¬ 
ment,  the  jieasants  have  made  immense  improvements  both  in  the  control 
of  plants  diseases  and  insect  pests.  Modern  implements  and  insecti¬ 
cides  are  widely  used  and  aeroplanes  are  partly  used  in  the  country  for  the 
prevention  of  jilant  diseases  and  insect  pests.  In  1956,  about  1  850  000 
sprayers  \yith  140  thousand  tons  of  insecticides  were  used  by  the  agricultural 
jnoducers  co-ojieratives  and  the  areas,  in  which  measures  for  the  preven- 
Iwfarlf  t!'  and  inseci  pests  were  carried  out,  Inlalled  ,'«)  million 

mom  than  0(100“  ’  ""  ''f  '  ’f"  for 

menace  m  cm  ,  “'«>er  control  aid  its 


nig  the  jieasants  to  iinjirove  their  far 


mmg  techniipies  and  increase  their 


gram  output  and  in  the  gradual  realization'of  mechirzed  farm  11m 
played  i  lmmimi:.':' “h  ""llle'deXZ  Suc’tii' 
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19.)()  U)  19,)5,  Ihc  (Jiinese  Agricullural  Bank  issued  agricultural  loans  total¬ 
ling  4  800  million  yuan  (eciuivalent  to  US  8  2  400  m.)  on  credit.  In  1950, 
the  agricultural  loans  were  greatly  increased.  Up  to  the  end  ol  Noveinhei', 
d  200  in.  yuan  (e(|uivalent  to  US  $  1  600  in.)  of  agricultural  loans  were 
issued.  1  hese  loans  were  niaimlv  used  as  foundations  of  the  ineiniiers  of 


the  co-operatives  as  well  as  jiroductive  loans,  which  enabled  the  jieasaiits 
to  carry  out  dillereni  kinds  ol  cajiital  constiuction,  to  jmrchase  improved 
seeds,  draught  animals,  inijiroved  farm  imjilements,  insecticides  and 
sjirayers  and  other  materials  for  jiroduction  and  to  undei  tal-ce  a  number  of 
technical  reforms.  Uurtherniore,  the  (iovernment  from  1950  to  1956  made 
an  investment  of  d  770  m.  yuan  on  river  conservancy,  irrigation  and  drainage 
projects,  and  issued  1  dlO  m.  yuan  on  relief  work.  All  the.se  funds  had 
created  vital  material  conditions  for  the  increase  of  grain  production. 

4'he  Government  has  undertaken  a  jirogramme  of  scientific  research  and 
agricultural  education.  Before  liberation,  there  were  very  few  agricultural 
research  organizations.  The  agricultural  .scientific  workers  then  were  not 
in  a  position  to  undertake  research  woi  k  as  they  wished.  Many  of  them  even 
had  to  change  their  occuj)ations  or  l)ecame  unemployed.  Since  liberation, 
ten  regional  agricultural  research  institutes  have  been  .set  up  according  to 
different  climatic  and  soil  conditions  in  different  parks  ol  tbe  countiy. 
b^iach  j)rovince  has  its  own  agricultural  research  institute  or  central  ex¬ 
perimental  station  together  with  several  branch  stations.  Recently,  the 
(ihine.se  Academy  of  Agricultural  Science,  the  head(|uarters  ol  agricultinal 
research,  has  been  organized  and  a  numbei'  of  lundamental  research  insti- 
lute.s,  such  as  Plant  Science,  Plant  Protection,  Soils  and  Fertilizers,  Animal 
Husbandry,  Agricultural  I'iconomics,  will  be  established  in  the  very  near 
future.  Since  the  (iovernment  has  been  j)aying  gieat  attention  to  agricultural 
i-esearch  work,  a  strong  scientific  corps  has  l)een  organized  in  (ihinese  agri¬ 
culture.  44ie  condition's  of  the  agricultural  scientific  workers  who  could  not 
carry  on  their  research  work  accoi'ding  to  their  own  lines  have  been  entiiel\ 
changed.  'I  hose  who  had  to  change  their  occupations  in  the  past  have  all 
come  back  enthusiastically  to  their  jiost.s  of  agricultural  research  and  apph- 

cation.  , 

\\  bile  agricultural  research  work  has  been  developed,  a  remarkal)le  pio- 

"less  has  also  been  made  in  agricultural  education.  At  j)rcsent,  one 
'cultural  college  has  ))een  established  in  each  province,  except  Isinghai 


! 
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province,  and  some  provinces  have  two  agricultural  colleges.  I  he  numb( ' 
of  students  in  agricultural  colleges  in  1956  was  increased  bv  50/  per  cent, 
compared  with  1949.  Agricultural  technical  .schools  of  middle  giade  base 


1,1-er!  cslal>lislio<l  widely  in  dillereni  pails  nl  each  prov.nce  I  p  I" 
the  nuinher  nl  sludenis  in  middle  a.micullural  leehnica  schmds  in  the 
ennnlrv  were  increased  hy  4, SO  per  eeni,  coin|mred  will.  I.U.I.  ''  "'J 
17  thousand  college  sraduales  and  411  Ihousan,  ^ 

••laduates  were  trained  in  the  above  schools.  .Vlso,  in  1A)(),  54.)  a^^iKi 
?o-oj)erative  cadre  schools  were  estahli.shed  in  various  jilaces  m  the  countis. 
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^  with  1  .‘354  Ihousaiid  sludeiils.  Owing  to  the  develoipnienl  ol  agriculUiral 
science  and  agricLillural  edncalion,  the  assistance  to  agiicnltnral  prodncers 
I  co-operatives  and  the  giiidance  in  modern  agricultural  techniques  have 
l)een  greatly  strengthened,  d'his  is  one  of  the  fundamental  measures  loi’  the 
I  raising  of  grain  production  in  new  China. 

Facts  of  the  j)ast  several  years  j)rove  that  increase  of  grain  j)roduction 
I  is  assured  when  the  peasants  take  the  road  of  agricultural  co-operation. 

4’his  can  be  illustrated  quite  clearly  by  the  Ken  Chang-so  Agricultural 
[  Producers’  Co-op  in  .Jaoyang  county  (an  old  revolutionary  foundation), 
Hopeh  })rovince.  ('hable  11). 


Table  11.  drain  Production  in  Ken  dluiny-so  Aqriciillnral  Producers'  Co-op, 

19'i3—1955 


\  ear 

Output  of  grain  per 
hectare  (quintal) 

Percentage  increase 

Type 

of  farm  then 

1943 

1  125 

100 

Individual 

1944 

1  500 

133 

Elementary  co-op 

1949 

2  235 

199 

Elementary  co-op 

1954 

2  528 

225 

Elementary  co-op 

1955 

3  180 

283 

Advanced  co-op 

n  1955,  according  to  the  survey  of  the  production  of  early  rice  of  6  806 
co-operatives  m  Chekiang  province:  2  712  co-operatives  effected  increases  of 
ess  than  10  per  cent  over  the  average  production  per  unit  in  that  locality; 
-  448  co-operatives  ellected  increases  of  10  to  20  per  cent;  941  co-operatives 

o  ovei^O  ne""  f  co-c!perati  ves  effecteclinaUse 

me,  .j  )  per  cent.  At  the  .same  l„„e,  a  g.  eal  number  of  units  of  |,arlieularlv 
lush  yields,  exceeding  6-3  to  14-5  times  the  national  average  vield  imit 

couniiT  (TaWe  mrl-l  '"‘'i*'-  'i'’"'"-  parts  of  lire 

examn'lcs  fm  nr  l  ■  yielding  units  have  llius  set  up  good 

mue  ini  '  III  giai'i  yieldings,  demonslraliug  tlie  .7eal 

«8nee.Uural7n'’d,rfe.s- 

InOriarl  ihai'  boi;"""'"''  eo-operalion  has  heeu  proved 

grain  |iroduc  ion  a  u  ;  hi^  “  the 

(Talile  1\-).  "I  'be  liu,„|>er  year  195,-,. 

b4^^^:i^‘^ri::,;7;rc;;ur3,,^^  ■  ‘<‘T' 

'--Ills  in  195.1  was  at,ove  tha'.  of  19,5,5,  aiid'^hrl^ipnlir 


Tabic  111.  Models  of  High  Yielding  Co-operatives  in  195() 


Locality 

Name  of  Co-op 

Crop 

Average 
output 
(kg  hectare) 

Percentage  in¬ 
crease  above 
national  average 
yield 

Chen  county, 

Kans  uprovince  .  . 

Loo-lu  Co-op 

spring 

corn 

9  338 

600 

Puyang  county, 
Honan  province 

Sin-hui  Co-op 

sweet 

potato 

85  no 

1  364 

Swatow  county, 
Kwangtung  province 

Hung-kwang  Co-op 

rice 

16  125 

63 

1 

Weinan  county, 
Shensi  province  .  . 

Ho-ping  Co-op 

wheat 

8  985 

898 

Table  IV.  Percentage  Increase  in  the  Total  Output  and  Per  Unit  Area  Output 

of  Grain  in  China,  ^9V9 — 1955 


Year 

Total  Output  (“/o) 

Per  Unit  Area  Output  (®/o) 

1949 

100-0 

100-0 

1950 

115-4 

111-8 

1951 

124-9 

118-7 

1952 

142-8 

129-3 

1953 

145-2 

129-1 

1954 

148-4 

129-7 

1955 

161-7 

138-9 

1956 

168-7 

138-1 

Note:  Owing  to  great  floods,  no  increase  in  per  unit  area  output  in  19o3 
11  tod  and  1956. 


of  the  agricultural  producers’  co-operatives  of  the  country,  except  in  the 
areas  suffering  floods  etc.,  had  increased  their  income. 

d'he  purchasing  power  of  the  500  million  peasants  m  1956  was  increa'scd 
hy  156  per  cent  in  comparison  with  that  of  1950.  Such  a 
purchasing  jiowcr  of  the  larmcrs  had  never  occuiied  m  o(  . 

days  when  the  pea.sant  had  to  subsist  on  chalt  and  wild  vegetables  toi  six 

months  in  a  vear,  have  gone  forever. 

\l  nresent  die  «rain  production  of  China  is  sufficient  to  meet  the  people  s 
re;p!irement;,  hurts  slHl  not  really  bounteous,  nor  are  the  Chinese  people 
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B  salisfied  with  this  production  as  long  as  the  livelihood  of  the  people  is  not 
yet  really  good.  There  are  still  soine  prohleins  in  gram  production  wtiicti 

C  need  to  he  solved  hy  constant  efforts. 


d  Future  plans  and  measures  for  increasing  grain  production 


R  With  the  continuous  development  of  the  agricultural  co-operation  move- 
“  inent  throughout  the  country,  the  enthusiasm  tor  work  on  the  part  of  the 
peasants  and  their  growing 'demands  for  better  material  and  cultural  life 
0  a  target  for  the  long-term  struggle  for  production  is  urgently  needed. 

For  this  purpose,  a  “Draft  Progranmie  for  Agricultural  Development  in  the 
3  People’s  Republic  of  China,  1956—1967”,  centred  on  the  development  of 
agricultural  co-operation  and  agricultural  production,  was  proposed  at  the 
;]  lieginning  of  1956.  On  the  foundation  of  agricultural  co-operation,  this  pro¬ 
gramme  urges  the  rapid  development  of  agricultural  production,  forestry, 
•)  live-stocks,  fishery  etc.  In  particular,  it  proposes  that,  in  12  years,  the  ave- 
'  rage  annual  yield  of  grain  per  hectare  in  different  parts  of  the  country  he 
,  raised  as  follows: 

*  1.  In  the  area  north  of  the  Yellow  River  to  the  north  frontier  of  the 

countiy,  from  1  125  kg  per  hectare  in  1955  to  3  000  kilograms  in  1967, 
i  showing  an  increase  of  167  per  cent. 

2.  In  the  area  souUi  of  the  Yellow  River  and  north  of  the  Huai  River, 
I  from  1  560  kg  per  hectare  in  1955  to  3  750  kg  in  1967  showing  an  increase 
of  140  per  cent. 

3  3.  In  the  area  south  of  the  Huai  River  to  the  southern  frontier  of  the 

country,  from  3  000  kg  per  hectare  in  1955  to  6  000  kg  in  1967,  showing  an 
j  increase  of  100  per  cent. 


In  1967,  the  grain  outjjut  will  reach  an  average  of  500  to  600  kg  per  person. 
(The  increase  of  populatioin  during  the  same  period  being  taken  into 
account). 

The  Draft  Programme  for  Agricultural  Development  in  the  People’s  Re¬ 
public  of  China  1956  1967,  outlines  the  hroad  aims  of  the  Chinese  people 
ioi  solving  the  j)roblem  of  grain  production.  The  conditions  for  its  iiia- 
terializalion  are  available. 

Fust  ol  all,  there  are  enough  hard-working  peasants  in  China.  Their 
I>otentiahties  of  labour  jyower  and  of  land  for  the  increase  of  production 
aie  very  great.  I  he  climatic  conditions  are  favourable  for  grain  iiroduction 

'  f'’"'  tl'o  same  field  nilinv  ,!arls  of  The 

ounti>.  In  jiaiticular,  productive  lorce  is  being  further  released  through 
agncullural  c.,-op.e,alio„  of  l|,e  advance<l  lype.  Tld.s  xvill  ivo  dotd,l  furlhcj 

nsimc  the  astonishing  labour  enthusiasm  and  initiative  of  the  'ueat  masses 
ol  peasants  m  the  co-operatives  masses 
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scale  walei  coiiservancv  projects,  llie  area  ot  irrigated  land  will  therelure 
be  gieatly  increased.  In  twelve  years,  all  the  denuded  mountains  and  barren 
lands  which  can  he  allorested  will  he  alloresled,  and  the  calamities  from 
soil  erosion  will  virtually  he  eliminated.  Moreover,  according  to  the  Dratt 
Programme  lor  Agricultural  Develojmienl,  19r)()— ItWiT,  the  most  .serious 
plant  diseases  and  insect  ])ests  are  to  i)e  virtually  eliminated  in  7  —12  yeais. 
All  of  these  will  greatly  reduce  the  threats  o'f  the  natural  calamities  to 
farm  crops. 

'rhirdly,  on  the  basis  of  agricultural  co-operation,  technical  measures 
such  as  the  expanding  ol  double  ci'opj)ing  areas,  the  widespread  use  of  good 
seed  varieties,  the  amelioration  of  soils,  the  development  of  soil  and  water 
conservation  j)rojects  and  the  wide  utilization  of  new  farm  im{)lements, 
the  imj)rovement  of  farming  methods  etc.  can  he  further  carried  out. 

In  order  to  change  the  backward  state  of  agricultural  science,  our  country 
has  already  drawn  up  a  12-year  long-term  ])lan  for  the  development  of 
agricultural  science,  urging  the  (Chinese  agi  icultural  scientists  to  summarize 
and  extend  the  farming  experiences  of  the  [leasants  and  to  learn  the  afl- 
vanced  scientific  techni(jues  of  foreign  countries.  These  measures  are  hound 
to  play  an  important  role  in  the  development  of  our  agricultural  science 
and  the  assurance  of  increase  in  grain  j)roduction. 

I'ourthly,  following  the  development  of  industrialization  of  the  country, 
the  mechanization  of  agriculture  will  also  he  realized  gradually.  The  outj)Ut 
of  tractors,  power  pumps,  chemical  feitilizers,  insecticides  and  the  means 
nf  a])j)lving  them  will  also  he  incieased  each  year,  d'his  will  provide  ta- 
vourahle  conditioais  for  the  improvements  ot  tanning  technitpies  and  the 
elijninating  of  croj)  diseases  and  insect  pests,  thus  still  lurthei  increasing 
the  grain  yields  j)er  unit  area. 

I'ifthlv,  there  are  still  a|)j)roximately  100  million  hectares  of  arable  lands 
which  are  not  yet  cultivated.  Following  the  development  of  our  industry, 
transportation  and  the  mechanization  of  agiiculture,  the  area  ol  land  undei 
cultivation  will  he  expanded  each  year. 

Sixthly,  the  gradual  reduction  of  illiteracy  in  the  countryside  (the  Govern¬ 
ment  ])lans  to  wij)e  out  illiteracy  among  the  middle-aged  and  the  young  i.i 
the  entire  country  in  the  next  seven  years)  and  the  great  inciease  ot  tlu 
numher  of  technicians  in  the  rural  communities  (the  Government  plans  k> 
Ijain  5 — 6  million  elemenlarv  and  medium-grade  technicians  lor  the  iigG" 
cultural  i)roducers’  co-operatives  in  the  next  twelve  years),  together  with 
many  other  measures,  are  favourable  factors  for  the  increase  ol  gram  output. 

Above  all,  manv  examples  of  high  yields  ol  grains  in  diflerent  jiaits  ol 
the  country  have  proved  that  it  is  quite  jio.ssihle  lor  the  12-year  targets  to 
he  achieved.  For  example  1.  in  195h: 

In  Ihe  area  nnrili  nf  lire  Yellow  Uiver  lo  lire  norlliern  IVonlier,  lliere  were 
six  eininlies  in  lliree  |irovinees  already  exeeeding  Ihe  12-year  largel  ol 
:J(M)0  kg  per  hectare: 


SO 


I 


County 

I 

Province 

Avarage  yield  of  grain 
per  hectare  (kg) 

Changan 

Shensi 

3  195 

Kaoning 

Shensi 

3  068 

Hsienyang 

Shensi 

3  203 

Mosien 

Honan 

3  068 

Kaocheu 

Hopei 

3  008 

Chenting 

Hopei 

3  720  1 

2.  In  the  area  south  of  the  Yellow  River  and  to  the  north  of  the  Huai 
River,  the  average  yield  of  grain  of  one  county,  that  of  Huang-sien  in 
Shantung  jnovince,  was  4  492  kg  per  hectare,  which  exceeded  the  12-vear 
target  of  d  750  kg  by  745  kg. 

5.  In  the  area  south  ol  the  Huai  River  to  the  southern  frontier,  there  were 
already  ten  counties  in  four  })rovinces  exceeding  the  12-vear  target  of 
6  000  kg  per  hectare; 


County 

Province 

Average  yield  of  grain 
per  hectare  (kg) 

Siackan 

Hupei 

6  450 

Huangpei 

Hupei 

6  060 

Yiliang 

Yunaan 

6  338 

ISunsi 

Fukien 

8  978 

Tsacan 

Kwangtung 

8  593 

Tsaovang 

Kwangtung 

7  560 

Chiehyang 

Kwangtung 

7  643 

Puning 

Kwangtung 

7  808 

Naou 

Kwangtung 

7  868 

Ouping 

Kwangtung 

7  080 

Ill‘  '!ndica!e  maYmo'lpT  in  Table 

in  19515.  eini.inuu  i,)ob-19b/,  had  alieady  been  exceedeii 
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Xo  doubt,  the  12-year  targets  will  only  be  reached  through  strenuous 
eftorts,  and  various  difficulties  are  bound  to  be  met  in  our  work  from  now 
on.  We,  the  Chinese  agricultural  scientists,  are  nevertheles  conlident  that  1 
if  we  work  hard  in  our  scientific  work  and  learn  from  the  experiences  of 
advanced  countries,  we  are  certain,  alongside  with  all  the  j)easanls  in  the  | 
country,  to  overcome  all  difliculties  on  our  road  of  ad\ance  and  accomplisn 
successfully  our  task  of  increasing  the  grain  production  in  our  country. 
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I’  NUTRITIONAL  EVALUATION  OF  HIGH  CEREAL  DIETS* 
f  by 

Professor  Vang  En-fii,  China 


n  A  scientific  investigator  in  any  pait  of  the  world  whose  interest  is  oii 
"  nutritional  problems,  whether  he  be  clinician  or  laboratory  worker,  usually 
])ays  attention  first  of  all  to  the  food  habits  and  nutritional  status  of  his  owm 
I'  country.  This  is  especially  true  in  a  country  whose  modern  scientific  work 
has  only  been  lately  developed. 

^  Chinese  agricultural  development  reached  a  high  level  about  four  thousand 
^  years  ago.  Cereals  and  legumes  formed  the  main  sources  of  calories  of  the 
'  j)eople.  The  ancient  Chinese  physicians  had  long  recognized  that  a  rational 
diet  should  contain  cereal,  meat,  vegetable  and  fruit.^  However,  with  the 
.  rapid  increase  of  the  population,  the  diet  of  the  people  depended  more  and 
more  on  cereals,  and  animal  food  in  the  diet  thus  decreased  in  proportion. 
Nutritional  surveys,  past  and  present,  show  that  85  per  cent  of  the  calories 
for  the  majority  of  the  people  are  derived  from  cereal.  Although  the  soya 
1  bean  is  a  famous  j)roduct  of  China,  it  su})])lies  only  slightly  more  than  10  per 
■'  cent  of  the  total  calories  of  the  diet. 


;  Even  in  a  well-to-do  family,  which  can  afford  animal  food,  cereal  still 
is  the  main  source  of  food  energy,  being  about  70  per  cent  of  the  total 
dietai^  calories.  Cows  milk,  the  food  recommended  most  by  nutritional 
i  workers,  is  consumed  in  large  quantities  only  by  people  of  a  few  minority 
laces.  1^)1'  the  majority  of  the  ])eo])le  it  forms  only  a  negligible  part  of  the 
,  diet.  \\  hen  cereal  forms  a  high  proportion  of  a  people’s  diet,  rural  economists 
agree  that  it  is  impossible  for  the  country  to  have  a  large  store  of  food, 
’  and  any  degree  ol  natural  calamity  may  cause  famine  in  one  or  another 
section  of  the  population.  This  was  the  situation  in  China  before  and  durim- 
j  he  earlier  penod  of  liberation.  In  spite  of  a  great  increase  in  farm  produc" 

r„l  11“  “  inipossiljle  wilhin  Ihe  immediate 

,  luluie  0  reduce  the  ])eiTe.ntage  of  calories  in  the  diet  from  cercat  Hi«ti 
.  cereat  diet  is  tiy  no  means  lypicat  of  China  only,  the  survival  of  more  tli'ai, 
half  of  llie  worlds  population  depending  upon  tliis  l\-pe  of  diet 

.  CaMesriS'"'  Conference  on  Health  and  Living  Condilions  - 
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of  adults,  because  about  50  per  cent  of  these  two  iiutrieiits  are  derived  from 
dairy  products  in  countries  where  the  milk  supply  is  adequate. 

On  the  other  hand,  the  standard  lor  nutritional  allowance  proposed  bv 
experts  in  this  field  is  often  made  by  adding  a  margin  of  safety  to  that 
recognized  as  the  minimum  requirement.  It  is  thought  that  this  may  cover 
the  possible  variations  among  individuals  and  external  environments. 
However,  there  is  not  sufficient  experimental  or  theoretical  evidence  for 
its  support.  As  an  example.  Rose-  j)roposed  that  opitimal  recjuirements  of 
various  essential  amino  acids  should  be  calculated  by  doubling  the  minimum 
requirements,  which  in  their  turn  were  the  highest  values  of  the  minimum 
amount  of  each  amino  acid  needed  to  maintain  the  nitrogen  equilihrium 
of  his  experimental  subjects. 

There  is  no  way  to  prove  the  soundness  of  this  method.  Furthermore, 
owing  to  the  difference  in  criterion  employed  in  the  estimation  of  the  mi¬ 
nimum  reciuirement,  the  value  obtained  also  differs.  Thus  there  is  a  great  deal 
of  difference  in  the  standards  of  nutritiojial  allowance  as  well  as  minimum 
requirements  adopted  by  nutritional  workers  in  different  coimtries,  which 
may  also  give  rise  to  a  clifferent  interpretation  in  evaluating  the  nutritional 
function  of  a  certain  type  of  diet.  This  is  especially  true  for  high  cereal  diet. 
However,  more  scieaitific  investigation  is  needed  for  a  final  decision.  With 
the  advancement  of  the  science  of  nutrition,  the  nutritional  evaluation  of 
a  diet  may  be  altered.  In  this  report,  an  attempt  will  be  made  to  give  a  brief 
summary  of  the  work  related  to  this  problem  by  my  Chinese  colleagues. 


Protein  nutrition 

It  has  been  frequently  accepted  that  the  most  serious  defect  of  a  high 
cereal  diet  is  the  low  niitritional  value  of  vegetable  protein.  This  statement 
has  been  sup})orted  bv  the  determination  of  the  biological  value  ol  \egetablt 
protein  with  animal  or  human  subjects.  The  results  of  essential  amino-acid 
analvsis  also  indicate  the  unhalanced  nature  of  amino  acids  in  protein  from 
this  source  in  comparison  with  that  from  animal  foodstutlsk  Cereal  piotems 
are  especiallv  low  in  their  contents  of  methionine  and  lysine.  However,  m 
evaluating  the  protein  nutrition  ol  a  diet,  it  is  not  only  the  qualit\,  but 
also  the  quantity  that  should  he  considered.  In  the  estimation  of  the  bio¬ 
logical  value  of  a  protein,  the  protein  content  of  the  diet  is  usually  kept 
the  minimum  requirement  of  the  experimental  subject,  tor  otherwise,  the 

expected  value  cannot  be  obtained. 

He^^sted  et  aU  found  that  supplementation  of  methionine  and  lysine  to 
a  vegetarian  diet  containing  2.S  g  of  protein  per  day  gave  »  f 

nitrogen  l)alance  in  human  sulijects,  l.ut  not  to  a  diet  ronta.n.ng  48  ,dav 
In  fact,  when  tliere  is  no  caloric  deficiency,  a  diet  witli  ^  "  ''J 

calories  derived  from  cereal  will  maintain  nitrogen  halance  m  "''"1 

the  condition  of  high  cereal  diet,  an  adult  with  a  daily  supply  of  2  400 
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calories  consumes  aboul  G(X)  g  ol  cereal.  Ihe  ainount  of  each  essenlial 
amino  acid  in  this  quanlily  of  different  cereals  is  listed  in  fable  I.  It  can 
be  seen  from  tlie  table  that  600  g  of  the  cereals  listed  supply  a  sufficient 
amount  of  all  essenlial  amino  acids  except  methionine  to  meet  the  reijuire- 
ment  as  recommended  by  Rose-  and  by  Stare  ct  al.^ 

The  esseutial  amino-acid  contents  in  diet  calculated  from  the  result  of 


nutrilion  surveys  (Table  II)  indicate  that  methionine  is  also  sufficient  to 
meet  Stare’s  recommendation,  with  all  of  the  other  essenlial  amino  acids 
being  two  or  three  limes  the  requirements.  With  the  exception  of  the  ex¬ 
perimental  diet,  the  protein  from  animal  sources  in  all  the  other  diets  is  less 
than  ten  per  cent.  In  spite  of  the  fact  that  the  Japanese  consume  more  ani¬ 
mal  foodstuffs,  the  amounts  of  different  essential  amino  acids  obtained 
from  the  diet  are  almost  the  same.®  The  exjierimental  diet,  in  which  50  per 
cent  of  the  total  protein  is  sujqilied  from  animal  food,  gives  a  somewhat 
increased  amount  of  methionine  and  lysine,  but  there  is  no  apparent 
change  in  other  amino  acids. 

Even  in  a  complete  vegetarian  diet,  with  20  per  cent  of  the  protein  supplied 
by  legumes,  though  the  methionine  and  lysine  contents  are  somewhat  low, 
they  are  still  sufficient  to  meet  Stare’s  recommendation.  Furthermore,  the 
diet  used  by  Rose  for  the  estimalion  of  the  requirement  of  methionine  and 
cystine  was  not  included.  Recently  Swendsaid  et  a/.'  estimated  the  minimum 
requirement  of  methionine  for  women  and  found  it  to  be  0-12— OnO  g/day 
lower  than  the  value  obtained  by  Rose.  One  may  conclude,  then,  that  protein 
in  a  high  cereal  diet  can  adequately  satisfy  the  requirement  of  essential 
amino  acids  of  adults. 


TABLE  I 

Essential  amino  acids  in  600  g  of  cereal  and  their  requirements  by  adults  (g) 


Threo¬ 

nine 

Valine 

Leucine 

Iso¬ 

leucine 

Lysine 

Methio¬ 

nine 

Phenyl¬ 

alanine 

1 

Trypto¬ 

phane 

1 

1  Rice  .  . 

1-8 

2-5 

4-0 

1-5 

1*8 

0-9 

2-1 

0-7 

Millet  .  . 

1 

2-8 

3-2 

8-2 

2-2 

1-4 

1-9 

3-2 

1-2 

Corn  .  . 

2*2 

2-4 

7-9 

1-7 

1-9 

0-9 

2-5 

0-4 

Kao-Lianjr 

2-3 

3-4 

10-3 

2-4 

1-4 

M 

3-4 

0-6 

M  heat  flour  (81  o/j  ex- 

traction) 

2-1 

2-8 

4-7 

2-1 

1-7 

1-0 

3*2 

0-7 

Adult  requirement 

(Rose) 

Adult  requirement 

1-0 

1-6 

2-2 

1-4 

1-6 

2-2 

2-2 

0-5 

(Stare)  . 

1-2 

1-3 

3-6 

1*3 

1-4 

1-4 

1-4 

0-4 
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TABLE  II 

Essential  amino  acids  supplied  by  various  diets  (g/day) 


Threo¬ 

nine 

Valine 

Leucine 

Iso¬ 

leucine 

Lysine 

Methio¬ 

nine 

Phenyl¬ 

alanine 

1 

CL.  S 

E-i 

Middle  school  students 

3-6 

4*4 

9-4 

3-2 

3-5 

1-6 

4-3 

M 

College  students  .  .  . 

3-0 

3*6 

6-9 

3-0 

3*3 

1*5 

3-7 

1-0 

^  orkers  . 

3-6 

4-4 

8-4 

3-5 

3-6 

1-7 

4-8 

1-2 

Experimental  vegetanaii 
diet . 

3-2 

3-5 

5-8 

2-4 

3-6 

1-4 

3-9 

1-2 

Experimental  mixed  diet 

3-5 

4-4 

6-2 

4-0 

4-8 

2-3 

4-3 

1*2 

Japanese  diet  .... 

43 

3-9 

5-7 

3-2 

3*4 

1-7 

4-0 

1-0 

American  diet  .... 

3-5 

3-8 

9-1 

3-3 

5-2 

3-8 

4-4 

M 

Adult  requirement 
(Rose)  . 

1-0 

1-6 

2-2 

1-4 

1-6 

2-2 

2*2 

0-5 

Adult  requirement 
(Stare)  . 

1-2 

1-3 

3-6 

1-3 

1-4 

1-4 

1-4 

0*4 

Mitchell  and  Block,®  and  Oser®  made  use  of  the  essential  amino-acid 
content  for  the  calculation  of  the  biological  value  of  protein.  The  practical 
significance  of  such  a  calculation  remains  to  be  determined.  It  has  been 
shown  recently  that  certain  amino  acids  in  some  vegetable  protein  may 
not  be  available  for  the  animal  body.  An  excess  of  a  certain  amino  acid 
in  the  diet  may  cause  amino-acid  imbalance,^”  and  thus  decrease  the  rate 
of  growth.  So  far,  we  have  been  unable  to  find  any  report  on  such  study  with 

human  subjects.  .  .  ,  j- 

Although  it  is  generally  agreed  that  vegetable  protein  is  less  digestible 

than  animal  protein,  there  is  still  some  doubt  on  the  validity  of  this  con¬ 
clusion.  McCance“  suggested  that  protein  in  wheat  flour  can  be  completely 
di‘fested  by  man.  It  is  rather  doubtful  whetber  the  result  obtained  by  the 
usual  method  for  the  estimation  of  the  digestibility  of  protein  can  repiesent 
its  true  availability.  The  effect  of  cellulose  on  the  faecal  excretion  of  nitrogen 
has  been  repeatedly  recognized  by  earlier  investigators.  In  a  preliminary 
experiment,  we  found  that  different  forms  of  starch  may  cause  a  variation 
in  faecal  nitrogen  excretion  and  yet  did  not  affect  nitrogen  retention  by 
the  rat.12  Thus  the  high  excretion  of  faecal  nitrogen  during  a  vegetarian 
•  diet  mav  not  represent  low  availability  of  the  protein. 

Indian  Nvorkefs,  Palwardlian  cl  cn.ni.aied  the  avadsdj.  ity 
in  ve-etarian  and  mixed  diets.  The  amoimt  of  protein  m  these  t^^o  diets 
were  The  same,  but  in  Uie  mixed  diet  50  per  cent  of  the  proteun  was  supp  ied 
by  animal  food.  They  found  that  the  vegetarian  diet  caused  a  highei  ni  r  - 
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gen  relenlion  in  llieir  experimental  suljjecls  than  did  the  mixed  diet. 
result  has  also  l)een  confirmed  by  us.^^  It  was  found  tliat  the  favourable  effect 
of  the  vegetarian  diet  was  also  seen  on  the  first  two  days  after  switching 
to  the  mixed  diet.  Faecal  excretion  of  nitrogen  was  slightly  higher  when 
the  subjects  were  on  a  vegetarian  diet  than  when  they  consumed  a  mixed 
diet.  The  favourable  nitrogen  balance  on  a  vegetarian  diet  was  due  to  a  low 
urinary  excretion  (Table  III).  From  the  result  obtained  by  Patwardlian  and 
that  by  ourselves,  we  are  of  the  opinion  that  there  is  no  difference  in 
protein  storage  in  the  body  whether  the  diet  is  completely  vegetarian  or 
mixed  with  animal  food.  If  there  is  any,  it  is  in  favour  of  the  vegetarian  diet. 
At  the  moment  we  have  not  enough  experimental  evidence  to  give  an  ex- 
j)lanation  of  this  phenomenon.  However,  it  can  be  stated  that  llie  inferior 
quality  of  the  protein  in  high  cereal  diet  does  not  affect  the  protein  nutrition 
of  adults.  Blood  examination  seems  also  to  support  this  conclusion.  The 
normal  value  of  plasma  protein  for  normal  adults  is  C)'5 — 7’5  g/100  ml. 
Recently,  Liang^®  determined  the  distribution  of  serum  proteins,  and  there 


TABLE  III 

Nitrogen  balance  of  adults  on  vegetarian  and  mixed  diets  (g  per  person  per 
day) 


Vege¬ 

tarian 

diet 

Mixec 

diet 

Vegetarian  diet 

Mixec 

diet 

Vegetarian 

Average 
of  last 

8  days 

Average 
of  first 

2  days 

Average 
of  last 

8  days 

Average 
of  first 

2  days 

Average 
of  last 

8  days 

Average 
of  first 

2  days 

Average 
of  last 

3  days 

Average 
of  first 

2  days 

Average 
of  last 

3  days 

Nitrogen  intake 

13-44 

13-65 

13-10 

13-66 

13-74 

13-22 

13-22 

13-06 

13-88 

Urinary  nitrogen 

9-69 

9-60 

10-95 

9-46 

10-05 

10-10 

11-55 

10-66 

10-82 

Faecal  nitrogen 

2-90 

2-41 

2-41 

2-82 

2-82 

2-33 

2-33 

2-41 

2-41 

Nitrogen  balance 

0-84 

-  1-64 

-  0-26 

1-38 

0-87 

0-79 

-  0-56 

-  0-01 

0-65 

TABLE  IV 

Percentage  dislrilniliun  ot  serum  proleiiis  in  Cliinese  and  American  adults 


Chinese 

American 

Albumin  .  . 

54.6 

60.5 

Alphai-globulin 

3.6 

4.0 

AIplia,-globulin 

9.8 

7.7 

Beta-globulin  . 

16.1 

11.5 

Gamma-globulin  .  . 

15.9 

12.3 
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was  not  much  difference  l>etween  his  results  and  tliose  compiled  bv  ^ 
Alhrittoni'5  for  American  adults.  (Table  IV). 


Vitamin  nutrition 


ddie 


a  small  quantity  of  calcuim.  Rickets  and  osteomalacia  therelore  are  prevalent 
nutritional  diseases.  According  to  Lind®  the  main  cause  of  osteomalacia  is 
the  lack  of  vitamin  D,  while  calcium  deficiency  plays  a  secondary  part.  1  Ins 
may  explain  the  high  incidence  of  rickets  in  North  China,  since  the  diet  in 
South  China  is  also" deficient  in  calcium  and  yet  this  disepe  is  rarely  seen. 
Recently,  a  suryey  of  serum  alkaline  jihosphatase  of  the  inlants  in  I  eking 
Nyas  made  and  ifwas  found  that  about  25 percent  hadalevel  aboye  thenornial 
standard  in  April,  but  only  10  jier  cent  m  May.-"  XMiile  outdooi  acti\it\  .s 
important  for  the  prevention  of  osteomalacia  and  rickets,  the  supplv  of 
vitamin  D  from  dietaiy  source  is  also  an  important  measure,  especially  m 

"’Tlir  171"  'requirement  of  vitamin  A  for  the  adull,  recommended  m 
>  - ,  pe  supplied  liy  animal 
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With  the  exception  of  riboflayin  and  vitamin  11^2,  cereal  grain  is  rich  in 
all  other  members  ol  the  vitamin  complex.  Of  course,  an  excessive  degree 
of  milling  may  cause  a  considerable  loss  of  these  vitamins,  especially  vitamin 
Rj.  Since  the  Chinese  government  has  taken  mea.sures  to  control  rice  and 
wlieat  flour  processing,  beri  beri  has  become  a  rare  disease  in  the  hospitals 
of  industrial  cities  (e.  g.  Shanghai  and  Canton)  of  the  rice  districts.  Perni¬ 
cious  anaemia,  which  is  due  to  vitamin  Bj2  deficiency,  is  also  rarely  seen 
in  China.  The  source  of  this  vitamin  in  the  Chinesse  diet  remains  to  be 
explored. 

The  results  of  nutrition  surveys  indicate  that  the  daily  intake  of  ribo¬ 
flavin  by  Chinese  adults  is  l>ctween  0'6 — 08  mg  and  only  in  rare  cases,  it 
reaches  ID  mg.  Ariboflavinosis,  which  can  be  treated  with  pure  vitamin,  is 
frequently  seen  and  loading  tests  also  indicate  riboflavin  deficiency. 
However,  the  majority  of  the  people  consuming  a  similar  diet  do  not  show 
clinical  manifestation.  No  effect  on  the  growth  of  13  to  16  year  old  children 
could  l)e  found  with  a  daily  supplement  of  1  mg  of  riboflavin  for  1  year.^' 
Loading  tests  indicated  that  the  supplemented  children  excreted  more  ribo¬ 
flavin,  but  the  level  of  the  excretion  by  the  unsupplemented  children  also 
approached  the  normal,  as  claimed  in  literature,  i.  e.  20  per  cent  of  the  test 
dose.^^  At  present,  there  is  still  no  proper  answer  to  the  question  of  ribo¬ 
flavin  requirement.  The  factors  affecting  the  development  of  various  clinical 
manifestations  of  ariboflavinosis  must  be  investigated  further. 

Owing  to  the  shortage  of  dairy  products,  the  main  source  of  vilamin  D 
comes  from  sunshine.  In  the  warm  districts  of  South  China,  \itainin  D 
deficiency  is  not  a  serious  problem.  Because  of  the  long  indoor  life  in  winter 
in  North  China,  women  and  children  do  not  have  great  exjyosurc  to  sunlight, 
hiiih  cereal  diet  contains  a  large  amount  of  phytic  acid  and  only 


various  countries,  is  5  fX)0  I. 


rood.  In  lad,  Ihis  ainounl  of  preformed  vilamm  A  is  already  sufficiu  I 
meet  flic  minimum  daily  reiiuiremenl.  Hence,  m  a  coimli  y  willi  an  ^ 

supplv  of  dairy  iirodiids,  tire  rate  of  ulilizalion  of  carotene  m  cegefali 
not  an  urifenl' problem.  I'nder  the  condition  of  liigli  cereal  diet,  however, 
the  source  of  vitamin -A  depends  almost  entirely  on  carotene  and  thus  its 
efficiency  of  utilization  is  of  paramount  importance  in  determining  \itamin 
A  nutritional  status. 

Experimental  results  of  the  British  Medical  Research  Council  indicate 
the  availability  of  carotene  varying  between  25  and  80  per  cent  depending 
upon  the  source.  Li  determined'the  availability  of  carotene  in  the  vegetables 
commonly  consumed  in  Peking  and  found  that  the  rate  of  utilization  b\ 
human  subjects  was,  in  most  cases,  only  about  25  jier  cent.^-  In  South 
China,  where  green  vegetables  can  be  obtained  almost  throughout  the  year, 
it  is  comparatively  easy  to  satisfy  the  requirements  of  this  vitamin.  However, 
in  the  north,  the 'main  vegetable  available  for  the  winter  is  celery  cabbage 
(Peking  cabbage)  which  has  a  very  low  carotene  content.  Therefore  vitamin 
A  deficiency  symptoms  such  as  poor  dark  adaption,  low  level  of  serum 
vitamin  A,  and  occasional  night  blindness  and  follicular  keratosis  may  be 
seen  during  nutrition  surveys  in  the  spring.  Vitamin  A  deficiency  forms 
one  of  the  defects  of  high  cereal  diet  especially  in  the  northern  district. 


Calcium  nulrilion 


Low  calcium  and  high  phosphorus  contents  in  high  cereal  diet  forms 
a  special  problem  in  nutrition.  Nutrition  surveys  made  both  in  China  and 
.Japan  all  indicate  the  daily  supply  of  calcium  for  adults  to  be  below  OH  g, 
and  that  of  phosphorus  Ml  g,  in  which  a  large  proportion  is  in  the  form 
of  phytic  acid.  In  a  previous  section,  it  has  been  mentioned  that  deficiency 
of  calcium  may  not  be  the  main  cause  of  osteomalacia  and  rickets.  However, 
whether  this  low  sup])ly  ol  calcium  is  adc(|uate  or  not  for  human  require¬ 
ments  remains  to  be  considered.  Nicholls--^  and  others  suggested  that  there  is 
an  adaj)tation  to  low  calcium.  When  the  supply  of  calcium  is  low,  the  rate 
of  utilizatioai  by  the  body  is  increased.  It  must  be  noted,  however,  that  this 
can  only  apply  to  the  percentage  of  utilization,  and  not  to  the  absolute 
amount  of  calcium  absorbed.  When  the  calcium  intake  is  low,  the  actual 
quantity  ot  calcium  absorbed  remains  low. 


Aykioyd  and  Krishnan^'^  found  an  im|)rovemcnt  of  growth  in 
children  consuming  high  cereal  diet  was  observed  by  supplementing  calcium 
within  two  and  a  half  months.  We  observed  the  same  effect  with  older 
children  (13— lb  years)  by  supplementing  daily  0-5  g  of  calcium  iier  child 
lor  one  year.^'  However,  no  such  effect  was  obtained  above  that  age. 

II  has  ].een  ohservc.l  l,y  Sl.enimn  ami  I, is  co-\vorkeis“, «  U.al 
calom.n  cl, el  may  enhai.ce  icmgcvily  a,„l  lice  ,ale  of  .epioclucl  o,i  io  ihe  ra 
Henveve,-,  ,1  ,,s  ,.„,„ossihlo  to  ,„ake  a  sio.ila,-  ohso.va  ioo  in  .Z,  l  esides 
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null  i lion,  lliere  arc  other  complex  factors  which  may  affect  these  two  ^ 
l)iological  aspects  in  man.  W  ith  the  exception  of  pregnant  and  laclaling 
women,  it  is  difficiill  to  ascertain  any  detrimental  effect  of  the  low  calciuin  I 
intake  resulting  Irom  high  cereal  diet  on  adults. 

Wdijs  of  improvcmenl 


Modern  knowledge  of  nutrition  is  still  not  sufficient  to  determine  the  * 
effect  of  diflerenl  diets  on  the  health  of  the  })eople  and  thus  any  suggestion  of  i 
improvement  may  be  inadequate.  Or  present  knowledge  of  the  physiological  ' 
properties  of  an  individual  nutrient  and  its  distribution  in  food  may  allow 
us  to  recognize  the  particular  effect  of  a  certain  diet.  On  the  assumption  I 
that  the  main  defect  of  a  high  cereal  diet  is  its  lack  of  animal  protein, 
suggestions  to  increase  meat,  egg  and  milk  production  have  often  been  j 
made.  In  practice,  however,  a  significant  increase  in  j)roduction  of  these 
foodstuffs  will  lake  a  very  long  period.  Among  these  three  types  of  food,  i 
it  is  comparatively  easy  to  increase  meal  supply  by  promoting  pig-breeding 
and  fishery.  Pork  and  fish  form  a  good  source  of  animal  j)rolein  hut  not  , 
that  of  vitamins  and  minerals  which  can  be  sup})lied  by  egg  and  milk.  From  ' 
the  material  presented  above,  the  main  nutritional  problem  of  a  high  cereal 
diet  for  adults  is  vitamin  and  mineral  deficiency,  and  not  lack  of  j)rotein.  I 
Increase  of  meat  production  may  satisfy  the  peojde  for  the  enjoyment  of 
food,  but  cannot  solve  the  nutritional  deficiency.  Under  this  condition,  the  j 
easiest  way  of  improvemeint  is  by  fortification  with  ])ure  nutrients  such  as 


vitamin  Bj,  B.  and  A,  calcium  and  iodine. 

So  far,  little  has  been  said  about  infant  nutrition.  In  a  countiy  with 
inadequate  milk  supj)ly,  the  weaning  diet  of  the  infant  is  very  similar  to 
that  of  the  adult.  It  is  quite  possible  that  kwashiorkor  may  also  occur  in 
China,  but  very  little  of  it  has  been  reported  to  the  present  time.  This  may 
he  due  to  the  fact  that  the  disease  is  not  prevalent  enough  to  attract  the 
attention  of  the  pediatrician.  Respiratory  infection  and  digestive  disturbances 
which  may  be  related  to  nutritional  deficiency  are  common  diseases  among 
infants.  Although  infants  and  children  have  priority  in  getting  milk  in 
China’s  large  cities,  this  food  is  far  from  sufficient  to  meet  the  needs  of  the 
whole  country.  This  condition  may  also  he  corrected  by  applying  modern 
knowledge  of  science  to  nutrition.  On  the  basis  of  rice  cakes  commonly 
used  in  Chinese  families  for  infant  leeding,  (^how-‘  made  an  impio\ed 
formula  by  supplementing  it  with  soya  bean,  egg-yolk,  bone  meal  and 
l  iboflavin.'  An  experiment  was  carried  out  on  one  hundred  infants  tor 
assessing  the  nutritional  value  of  this  milk  substitute,  dlie  growth  rale  of 
the  infants  was  normal,  and  no  digestive  dislurhance  was  obseived. 

In  view  of  the  above  facts,  we  believe  that  with  lurlher  advances  of  our 
knowledge  of  human  nutrition,  the  existing  i)roblem  may  be  solved  with 
foods  that  can  be  easily  j)roduced  rather  than  wailing  for  a  slow  develop¬ 
ment  of  animal  husbandry,  e.specially  daily  products. 


Summary 

®  A]3proxiiiialely  85  j)er  cent  of  the  total  calories  in  the  Chinese  diet  is 
supplied  hy  cereal  grains.  However,  significant  reduction  of  the  proportion 
B  of  cereal  in  the  diet  cannot  he  expected  in  the  near  future,  in  S])ite  of  tlie 
increased  food  production  recent  years.  Proper  nutritional  evaluation  of 
5  this  type  of  diet  is  essential  in  ])lanning  wa^^s  of  im})roveinent. 

From  the  distribution  of  the  essential  amino  acid  in  different  cereals, 
j  the  contents  of  amino  acids  supplied  by  different  diets,  the  comparison  of 
nitrogen  balance  in  human  subjects  on  vegetarian  and  mixed  diets  and  the 
j  distribution  of  serum  proteins  in  normal  Chinese  adults,  the  concept  that 
poor  quality  of  vegetable  protein  forms  the  main  defect  in  high  cereal  diets 
,  is  disputed. 

»  Owing  to  the  shortage  of  dairy  products,  deficiency  of  vitamin  A,  riboflavin 
^  and  calcium  is  the  main  nutritional  problem  in  the  high  cereal  diet.  Increased 
J  production  in  meat  cannot  correct  these  defects. 

Successful  results  have  been  obtained  by  the  use  of  milk  substitutes  in 
I  infant  feeding.  I  his  indicates  that  with  lurther  advances  in  nutritional 
knowledge,  problems  resulting  from  high  cereal  diets  can  be  solved  with 
’  fortitied  loods  which  can  be  easily  produced. 
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*  VARIETIES  OF  UNRALAXCEI)  DIET  AXI)  THEIR  EFFECT  OX 
j  XTTRITIOX* 

by 

J  Dr.  Cicely  I).  Williams,  Great  Brilain 

Diet  is  only  one  of  the  factors  that  determine  the  stale  of  nutrition.  Good 
j  nutrition  is  impossible  unless  the  diet  is  reasonably  adequate,  but  a  pooi- 
stale  of  nutrition  may  exist  in  sj)ile  of  an  adequate  diet. 

[  A  diet  that  is  unbalanced  in  its  chemical  constituents  gives  rise  to  a 
deficiency  disease.  These  diseases  have  been  studied  extensively  and  much 
>  of  the  writing  now  in  vogue  gives  the  imjnession  that  malnutrition  is  simply 
a  series  of  text  book  pictures  of  deficiency  diseases.  Thirty  years  ago,  vitamin 
,  deficiencies  were  the  onlv  ones  mentioned.  Rece.nllv  it  has  been  recognized 
^  that  deficiencies  can  occur  in  j)roteins  and  carl)ohydrates,  and  in  various 
minerals,  while  diseases  of  excess  are  also  identified. 

Before  the  days  of  bicK-hemistry,  it  was  cuslomaiy  for  j)hysicians  to  make 
their  prescriptions,  both  of  drugs  and  of  nutriments,  long  and  coinplicated. 
Ibis  was  to  some  degree  an  insurance  against  Ibe  appearance  of  iatrogenic 
deficiency  diseases.  Xow  that  we  have  at  disposal  drugs  and  nutriments 
in  their  pure  form,  the  dangers  of  ])roducing  imbalance  have  greatly  in¬ 
creased.  lo  give  concentrated  vitamins  or  large  quantities  of  food  to  mal¬ 
nourished  ])alienls  may  Iransfoiin  a  dangerous  into  a  fatal  imbalance. 

Bow  in  1937,  wben  kwashiorkor  was  determinedly  called 
inlanlde  pellagra  ,  he  was  induced  lo  lieal  the  jiatienls  with  the  newlv 
introduced  niacin  and  “almost  all  the  children  died”.  Other  observers  have 
reported  how  hall  starved  prisoners  of  war  who  on  liberation  demanded  an 

unrestricted  siqiply  of  liread.  liecame  afflicted  with  severe  beri  beri,  with 
.some  lalalilies. 

Iheie  are  other  dangers  lurking  in  imbalance.  WoolanT-  found  that  rats 
that  were  irradiated  produced  nearly  four  limes  as  many  youm*  with  con 
genital  abnormalities  if  they  were  fed  a  high  yilamin  diet  " 

Cannes!*  1957.*^^  Second  Comference  om  Health  and  Living  Conditions  — 
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(a)  Physical  properties  of  diet 

1  he  physical  properties  of  foori  deserve  more  consideralion  than  they 
usually  gel.  Some  years  ago  we  used  lo  hear  a  good  deal  about  “roughage” 
and  the  need  for  large  quantities  of  this  lo  he  incorporated  in  the  diet.  But 
in  this  a  balance  should  he  preserved.  Some  diets  contain  insufficient  rough- 
age  and  others  far  too  much,  especially  for  children  and  others  with  poor 
digestions.  The  millets  and  sorghums,  so  often  lauded  by  the  nutritionists  for 
their  protein  and  mineral  content,  are  often  passed  almost  undigested.  Unless 
these  grains  are  well  prepared  they  retain  a  great  deal  of  husk  and  silicaceous 
material.  They  must  be  thoroughly  cooked  or  they  act  as  irritants.  In  Asia 
mie  sees  good  wheat  flour  being  given  to  young  children  as  lough  chap- 
j)atlis,  and  producing  dyspepsia  and  other  complaints.  In  some  parts  of  the 
world  root  vegetables,  maize  and  bread  fruit  are  roasted  hard  and  become 
virtually  indigestible. 

Hipsley  has  suggested  that  it  is  the  presence  of  fibre  in  the  diet  that 
protects  certain  populations  against  the  toxaemias  of  pregnancy.^  Whatever 
adults  may  learn  to  tolerate,  it  is  to  my  mind  quite  certain  that  a  great  deal 
of  malnulrilion  that  now  exists  among  children  is  due,  not  to  the  lack  of 
food,  hut  lo  the  dyspepsia,  diarrhoea  and  malnutrition  resulting  from  the 
way  in  which  food  is  prepared  and  presented.  The  balance  between  “low 
residue”  and  “roughage”  needs  lo  be  adjusted  for  age  groups  and  for  indivi¬ 
duals.  There  is  a  "large  mortality  from  gastroenteritis.  Sometimes  it  is  the 
irritating  qualities,  and  sometimes  it  is  the  sheer  bulk  of  the  food  that  have 
rendered  the  intestines  incompetent,  or  liiible  to  invasion  by  pathogens. 


(b)  Bacteria,  helminths  and  toxins 

Certain  bacteria  are  necessary  for  the  breakdown  of  foodstuffs  in  the  in¬ 
testines  and  for  the  synthesis  of  vitamins.  Foy  and  Kondi'  have  slated  that 
a  high  carbohydrate  and  low  protein  diet  is  inaiipropriale  for  the  synthesis 
of  B  The  interaction  between  the  chemical  components  and  the  bacteria 
of  the  intestine  may  be  a  decisive  factor  in  nutrition.  Young  children  are 
peculiarly  liable  lo  attacks  of  gastroenteritis.  Luder^  found  that  the  classiii- 
calion  of  cases  of  diarrhoea  and  vomiting  in  children  m  Uganda  is 
different  from  that  applying  in  temperate  climates  .  It  is  probab  e  that 
this  difference  in  bacteriological  content  is  not  merely  a  result  of  climate, 
but  of  different  food  and  food  habits. 

llie  presence  of  helminths  may  be  another  important  factor  contributing 
to  i  nba  ance.  Many  doctors,  especially  those  not  accustomed  to  treating 
d.iklren  in  Iropical  areas,  slill  persist  in  l.elieving  that  hnnkwonns  nialle 
and  that  roundworms  do  not  matter,  mdess  perha|)S  when  they  ate  piesent 
illtery  large  numlters.  In  tnany  regions  -^kylostomes  are  re  la  tvely  m  e 
under  the  age  ot  2  years,  but  they  can  cause  disease.  In  main 
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C  tries  rouiidwunns  are  exceedingly  coiimioii,  and  a  baby  may  Jje  infeclec 
at  anv  moinenl  after  birth.  One  or  two  roundworms  m  the  digestive  Iraci 
of  a  young  child  can  interfere  seriously  with  digestion  and  absorption.  It  is 
only  by  careful  iiost  mortem  examination  that  the  presence  of  these  worms 
can  be  diagnosed  unfailingly.  Tapeworms  and  slrongyloides  may  also  be 

of  grave  significance  and  cause  death. 

Toxins  may  be  ingested  in  herbs,  leaves,  roots  and  seeds  used  as  food,  as 
infusions  and  as  medicines.  Even  in  the  most  sophisticated  areas  there  are 
shojis  where  “simple  herbal  medicines”  can  lie  purchased.  In  every  market 
place  in  Africa  and  Asia,  urban  and  rural,  there  are  purveyors  of  “native” 
medicines.  Recent  work  by  Dr.  R.  Schoental®  has  shown  how  scnecio  and 
crotalaria  can  produce  fatty  livers  in  rats  and  particularly  in  young  and 
under-nourished  rats.  Some  species  of  senecio  have  been  used  as  a  medicine, 
^  and  I  have  seen  crotalaria  used  in  Jamaica  as  a  treatment  for  scabies.  The 
presence  of  toxins  in  food  and  medicine  is  yet  another  factor  upsetting 
nutritional  balance. 

(c)  Varijing  demands  of  aye,  growth  and  development,  exercise  and  stress 

It  is  well  known  that  the  growing  organism  requires  more  of  certain 
foodstuffs  than  does  the  adult.  Rut  it  is  impossible  to  establish  an  exact 
formula  of  requirements.  In  the  discussion  on  “Human  Protein  Require¬ 
ments  and  Their  Fulfilment  in  Practice”b  Holt  is  quoted  as  saying  that 
a  baby  needs  ten  times  as  much  per  kilogram  body  weight  as  an  aclult  of 
each  of  the  amino  acids,  while  (Ivorgy  referred  to  other  work  proving  that 
only  one-third  to  one-lifth  of  this  quantity  is  necessaiy.  Some  workers 
claimed  that  dad  a  sparing  effect  on  methionine  and  choline,  others 
that  it  an  animal  was  short  of  jirotein  it  could  obtain  its  nitrogen  from 
urea.  Some  observers**  have  lound  exceedingly  high  serum  proteins  in 
people  living  on  a  high  carbohydrate  diet.  In  lact  there  are  so  many  aspects 
of  nuliition  that  are  modified  by  others  that  rigid  standards  are  impossible. 
I  he  only  tact  of  real  essential  value  is  the  clinical  condition  of  the  jiatienl. 

I  is  ccitain  that  the  most  Irequent  and  severe  cases  of  deficiency  diseases 
are  those  that  occur  during  the  period  of  rajiid  growth  —  G  months  to  G 
years  a  period  that  is  associated  with  re])ealcd  stress  and  repeated  demands 
lor  adaptation;  a  period  which  is  jicculiarly  liable  Iioth  to  chronic  sub- 
nutrition  and  to  the  more  easily  identified  foiins  of  deficiency  diseases 
which  are  the  result  of  imbalance. 

VT-’’  ‘r ‘'‘‘'I  “lay  each  or  all  ot  Iheiii  occur 

I  "f.  *  ’la'iies-  Even  so  Ihese  cases  may  he  missed  because  Ihev  are 

ciairthcMu'whh  doctor  does  iiol  asso¬ 

ciate  them  NMlh  tyiies  ol  malnutrition.  The  more  ranid  the  ..rowth  the 

UK, re  serious  the  imlialance  and  the  more  acute  and  scTi^s  Cd'  eat 

me  lines  the  child  s  condition  deteriorates  with  alarmim'  suddenness 

Sometimes  there  is  a  precipitating  factor  such  as  abrupt  waning  an 


of  diai  ihoea  or  an  inlcclious  disease  such  as  measles  or  \vhoo])ing  cough.  In 
counliies  where  malaria  and  other  “lro])ical  ”  condilioins  are  endemic,  these 
create  an  additional  demand  on  the  protein  resources. 

Exertion  may  play  a  part  in  detennining  the  occurrence  of  iml)alance. 
1  he  demands  on  food  made  hy  expenditure  of  energy  show  enormous  va¬ 
riation.  A  recent  article  hy  Booyens  and  McCance"  states  “there  are  always 
some  individuals  who  have  calorie  intakes  gieatly  in  excess  of  others,  and 
the  ditlerences  cannot  necessarily  he  explained  by  size  or  obvious  mu.scular 
activity”.  They  conclude  that  the  limits  usually  accepted  for  normal  basal 
rates  are  far  too  narrow  and  a  Basal  Metabolic  Rate  30—35  j)er  cent  below 
the  average  is  not  necessarily  abnormal.  Ability  to  lelax  and  a  highly  de¬ 
veloped  sense  of  rhythm  can  save  a  great  deal,  not  merely  of  calories,  hut 
of  total  metabolic  exj)enditure. 

(d)  Timing 

Nutritionists  often  assess  the  adecjuacy  of  a  diet  by  total  quantities  of  the 
various  essentials,  and  are  aj)t  to  forget  how’  these  values  can  be  uj)set  by 
imbalance  in  timing. 

d'he  small  baby  needs  to  be  fed  at  frecjuent  intervals  if  it  is  to  thrive. 
A  healthy  baby  is  reasonably  adaptable  and  even  on  a  self  demand  system 
will  often  settle  down  lO'  a  more  or  less  regular  schedule  ol  3  or  4  hours. 
I  have  seen  babies  whose  mothers  spent  most  ot  the  day  away  at  work, 
'riiey  made  up  for  this  by  demanding  the  l)reast  3  or  4  times  during  the 
night,  with  apparently  little  inconvenience  either  to  the  mother  or  the  child. 

It  is  the  weaning  period  when  children  are  subjected  to  the  worst  laults 
in  timing,  and  as  toddlers  they  may  get  very  little  to  eat  until  the  evening 
meal.  4'hen  one  sees  examples  of  pot  bellies,  spindle  legs,  of  chronic  dys- 
j)e])sia,  alternating  bouts  of  diarrhoea  and  constipation,  the  distension  which 
produces  atonic  rntestines  and  all  too  frequent  abdominal  crises.  In  other 
families  you  may  find  the  children  who  are  given  snacks  all  day  long.  \  eiy 
often  their  appetites  become  disordered  and  their  digestion  inelficient. 

In  many  countries  it  is  found  that  children  who  go  to  school  ha\e  a  5-mile 
walk,  a  day  in  school,  and  a  walk  home  again  with  little  or  no  food.  This 
is  one  of  the  great  arguments  for  the  provision  ol  school  lunches  often 
a  difficult  and  expensive -solution.  The  reasons  behind  malnutrition  in 
school  children  are  manv  and  various.  Sometimes  it  is  poverty  and  foot 
shortage.  Sometimes  it  is  lack  of  imagination  and  understanding  on  the  par 
of  the  parents.  It  mav  be  that  children  are  given  money  lor  lood  but  spend  i 
all  or  sweets  and  aeVated  waters.  In  one  rural  area  in  Alrica  ^ybere  scboo 
children  were  advised  to  bring  lunch  with  them,  they  retorted  Me  are  no 
labourers.  M’e  cannot  possiblv  carrij  anything  .  Recent  y  I  \\as  told  about 
a  -irl  of  IcS  working  in  a  London  office.  The  total  family  income  was  over 
£50  a  week,  but  the  mother  never  got  up  m  tune  to  give  them  bieaktas 
'rids  girl  would  not  jirepare  any  food  herself  “because  she  would  then  h 


i 


iS  expected  to  prepare  breaJ<fast  for  the  two  school  children  as  \Nell  .  She 
j)referred  to  feel  famished  until  the  lunch  break  at  the  office. 

3  As  well  as  these  daily  indiscretions  in  timing  of  food,  we  find  particularly 
in  the  more  backward  areas  a  veiy  marked  seasonal  variation.  To  some 
»  extent  this  is  due  to  storage  difficulties,  hut  it  is  also  caused  by  a  marked 
preference  for  the  occasional  gargantuan  leasts  and  festivals  with  inter- 
.  mediate  periods  of  great  austerity. 

^  Whatever  may  be  the  cause  it  is  obvious  that  adults  can  train  themselves 
to  vastly  differing  patterns  of  food  consum])tion  without  necessarily  caus- 
5  ing  much  distress,  hut  for  young  children  and  adolescents,  imbalance  in 
liming  may  be  damaging  and  even  fatal. 

J 

(e)  llabUiialion  and  psychological  aspects 

^  Acceptability  and  digestibility  of  food  largely  depends  on  habituation. 

'I  here  are  many  examples  of  this.  People  who  are  conservative  and  mo'no- 
i  lonous  in  their  food  habits  are  intolerant,  emotionally  and  physiologically, 
of  strange  foodstuffs. 

j  Health  education  should  encouiage  a  varied  diet,  so  that  the  digestive 
system  becomes  receptive  to  a  wide  variety  of  foods.  This  would  help  to 
j  prevent  imbalance  and  would  lead  to  a  more  elastic  and  efficient  nulri- 
■*  tional  economy. 

,  dhe  digestibility  of  food  largely  depends  on  the  psychological  altitude  with 
which  it  is  approached.  Fear  may  give  rise  to  vomiting  and  diarrhoea,  but 
there  are  many  other  stages  of  digestive  troubles  caused  by  a  variety  of 
i  emotions. 


J  (f)  Individual  variations 

1  “  allergies  are  well  known.  They  apj^ear  to  be  far  more  common  in 
*  well  fed  ,  sophisticated  communities  than  they  are  in  the  less  well  nour- 
ished.  Like  diabetes,  hypertension,  peptic  ulcers  and  obesity,  they  appear 
]  to  be  among  the  penalties  of  “ciyilization”.  There  are  other  idiosyncrasies 
\ylh  regard  to  food  that  make  it  essential  for  nutritional  problems  to  be 
^  mdividual  and  not  merely  on  a  community  basis.  The  rarer 

evP  being  exhausliyely  studied.  It  is  quite  obvious 

J  P  H  1  inspection  of  stools  that  indiyiduals  vary,  and  each 

individual  vanes  Irom  time  to  lime  in  ability  to  digest  and  absorb  d'h- 

a, f  cle  already  quoted  l,y  Booyeus  and  MeCank  qivefan  M  a  „  11  e  vvide 
i  variation  in  metabolic  rates  in  adults. 

]  The  effect  on  populations 
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studies.  No  survey  can  l)c  sigiiificaul  unless  il  weighs  all  Ihe  I'aclors  llial  I 
have  led  lo  the  nulrilional  stale  which  il  is  attempting  to  appraise. 

Comprehensive  studies  must  include  the  following;  j 

1.  Vital  statistics,  including  survival  rales  in  various  age  groups.  Fertility 

and  po})ulalion  trends.  j 

2.  Prevalent  diseases  of  every  description,  dietetic  and  non-dieletic,  and 

their  response  to  treatment.  i 

3.  Customs  and  beliefs,  including  Lhose  in  relation  lo  food  and  medicine.  I 
Social  structure. 

4.  Development  and  growth  of  various  age  grou})s.  Capacity,  mental  and  I 
physical.  Ability  lo  adapt. 

5.  Environmental  conditions.  Actual  and  polenlial  food  supplies.  j 

Fashions  in  nutrition  are  always  changing.  A  few  years  ago  vitamin 

deficiencies  were  all  important.  Recently  we  have  been  told  that  protem  | 
deficiency  is  the  most  important  condition  and  “you  need  glucose  for 
instant  energy”.  Now  we  hear  that  the  saturated  fatly  acids  are  the  greatest 
menace  to  well-being.  It  has  been  alleged  that  great  fertility  is  a  sign  of 
protein  shortage.  But  much  of  our  information  is  incomplete.  The  lepoiled 
incidence  of  kwashiorkor,  for  instance,  depeaids  more  than  anything  else 
on  the  incidence  of  j)aediatricians.  It  is  not  until  we  have  moie  painstaking 
and  long  term  observations  that  conclusions  will  be  of  great  value. 

One  article  I  have  found  most  interesting  is  by  Dr.  ^Iary  P.  Jackson  in 
an  address  lo  the  Canadian  Medical  AVomen’s  Association  in  1955  called 
“Mv  Life  cm  the  Key  River”^*^.  It  describes  the  author’s  30  years  of  work  m 
a  rai)idlv  changing  coinmunity.  She  concludes:  “Did  my  friends  of  the 
1930’s  live  to  a  vigorous  old  age  because  they  were  always  thin.  Could  it  he 
siniiily  because  they  are  now  gelling  more  lo  eat  that  my  Metis  patients 
suffer  from  dental  caries,  toxaemia  of  jiregnancy,  diabetes  and  hypertension. 

I  wish  I  knew  how  lo  find  out,  for  whatever  the  cause,  the  result  is  a  Ira- 

'  Unless  Nve  sludy  nulriliunal  prnldcms  in  Iheir  selling,  unless  eve  al.serve 
Ihe  dynamics  of  a  communilv  as  well  as  ils  slaUis,  Ihc  icsull  is  nol  one  but 

Ly  t  kedies.  Too  much  effoi  l  is  being  pul  into  lahuiatoiy  work  com¬ 
ped  with  that  spent  in  the  field.  Our  resources  in  tu^  1--^ 
devoted  lo  investigating  and  discussing  analytical  and  u  .  ,  i  . 

details  Coinparalivelv  "little  is  heing  done  for  Ihe  treatment  and  supei- 
visioii  of  iiial  iourished  children  where  this  work  is  most  desperately 

\ulri  i  n  mist  be  studied  in  man  in  his  environmeul.  It  is  mi|«, riant  that 
thosfiiUereXd  ill  nutrition  should  try  and  establish  a  more  reasonable 
balance  between  labiratory  and  clinical  work. 


Summary 


1  In  the  past  allenlion  has  heeii  concciilialcd  on  |iroviding  diets  which 
are  balanced  in  their  chemical  and  biochemical  properties. 
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2.  The  dangers  ol‘  iiiihalance  and  over-dosage  are  increased  by  Ihe  avail¬ 
ability  of  foodstuffs  in  a  ])ure  form,  and  by  failure  to  recognize  the  complex 

aetiology  of  nutritional  diseases  in  the  lield.  •  r  ii 

3.  Imbalance  may  result  from  factors  such  as  physical  properties  ot  tlie 
food,  the  bacteria,  belminlbs  and  toxins  contained  in  it,  the  varying  demands 
of  metabolism,  wrong  timing,  lack  of  habituation  and  to  various  idiosyn- 


crosics. 

4.  The  effect  of  food  jiatterns  on  a  jyopulation  can  be  assessed  only  if 
there  is  ojiportunity  to  study  the  nondieletic  as  well  as  the  dietetic  disordeis 
and  other  factors  in  the  environment. 

5.  There  is  great  need  for  more  clinical  work  in  nutrition.  At  jiresent  the 
most  serious  imbalance  is  the  excessive  attention  given  to  laboratory  find¬ 
ings,  with  insufficient  attention  to  clinical  needs. 
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HUNGER  AND  DISEASE 


i)y 


Dr.  J.  Masek, 

InslitiUe  of  Human  Nutrition,  Prague 


When  attempting  to  define  the  concept  of  “hunger”,  we  encounter  certain 
difficulties,  because  organisms  are  able  to  adapt  themselves  to  environmental 
conditions,  including  food  intake,  provided  these  conditions  act  upon  them 
for  prolonged  periods.  Average  dietary  allowances  on  which  some  popula¬ 
tions  live,  would  be  quite  inadequate  for  others.  Desj)ite  this  fact  some  of 
these  rations,  e.  g.  those  of  some  Asiatic  peoples,  are  not  considered  to  be  on 
a  “starvation  level”. 

De  Castro  has  shown  that  food  consum})tion  figures  alone  and  the  fact 
that  certain  groups  of  people  exist  on  a  certain  intake  in  a  state  of  semi- 
starvation,  by  no  means  prove  that  those  rations  are  ade(|uate  for  the 
])Oj)ulation  groups  concerned.  Under  these  conditions  various  pathological 
states  develop  (e.  g.  tropical  forms  of  beriberi,  different  types  of  hepatic 
disease  covered  under  the  heading  of  kwashiorkor  etc.)  and  the  population 
is  affected  by  various  well  known  symptoms  of  malnutrition. 

Apart  from  these  manifest  “diseases  of  hunger”  there  are,  however,  latent 
clinical  deficiencies  which  are  more  difficult  to  define  because  the  clinician 


encounters  them  in  their  final  stages  already  as  pathological  states  where 
the  association  with  nutritional  factors  lias  apparently  vanished.  This  leads 
to  a  certain  lack  of  confidence  of  the  public  and  even  of  some  doctors  in 
the  importance  of  nutritional  factors  for  the  health  of  the  individual  and 
whole  population  groups.  While  infections  present  within  a  few  days  or 
weeks  a  clear  clinical  picture  and  their  etiology  can  be  easily  followed,  it  is 
difficult  to  make  any  definite  statements  e.  g.  on  the  part  played  Iw  the  size 
of  the  fat  allowance  —  and  maybe  its  composition  —  in  the  development 
of  obesity  or  atherosclerosis,  processes  which  take  years  to  develop  and 
compel  the  patient  to  see  the  doctor  only  after  the  pathological  factor  has 

affected  certain  organs.  , 

The  physician  is  frequently  confused  liy  the  lact  that  syniptoms  i egress 

after  various  drugs,  xvhicli  lielp  to  com|Wusalc  lire  '‘'"f ‘“,1 

without  altering  the  nutrition  ot  tlic  patient,  lliis  applies  e.  s-  lo  «ell 
known  tavourahle  effect  of  weight  reduction  hy  ohese  jiatien  s  on  the  course 
of  the  disease  (e.  g.  in  diabetes),  while  the  dietary  regime  alter  myocardial 
hifarction  and  of  atherosclerotic  patients  is  still  a  matter  of  discussion. 

This  is  the  position  with  diseases  where  the  nutritional  factor  manif 

;s: 
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1)V  inadern  biochemislry.  I  have  in  mind  a  grou])  of  facullalive  relalue 
,  deficiencies  of  some  vilamins  or  nulrienls.  Classical  ben-ben  has  taugli 
'  us  lo  deled  even  less  marked  deficiencies  of  aneurin  in  some  caidiac  dislui- 
bances  or  cases  of  neiirilis.  This  is,  however,  nol  the  case  with  all  nulnenls. 
We  can  reasonabh'  assume  that  —  lor  examj)le  the  mass  incidence  ot 
infectious  hepatitis^  and  the  increased  consumption  of  alcohol  may  in  many 
Europeaji  countries  induce  a  relative  deficiency  of  vitamin  A  and  caiolene 
in  many  of  the  patients  concerned,  while  the  average  vitamin  A  and  ca¬ 
rotene  allowance  of  the  po})ulalion‘ as  a  whole  may  still  be  adequate.  Ihe 
mechanism  of  such  a  disturbance  has  so  far  been  elucidated  only  in  the 
case  of  alcohol  addicts  where  the  group  of  relinene  pigments  is  involved  in 


the  metabolism  of  ethyl  alcohol  (ITemolieres  1955). 

As  another  example  we  may  (|uole  the  protective  influence  ol  vitamin  C 
on  experimental  atherosclerosis  as  has  been  demonlrated  by  the  school 
of  Mjasnikov  (1954)  and  Anickov  (1953).  x\s  human  atherosclerosis  has 
a  wavelike  course  with  remissions  and  exacerbations  of  the  pathological 
process,  we  can  assume  that  an  increased  intake  of  calories  and  fat  leads 
lo  a  relative  deficiency  of  this  protective  factor  unless  its  intake  is  increased. 
From  this  point  of  view  we  can  consider  the  seasonal  deficiency  of  ascorbic 
acid  (Silink  1953,  Kfikava  1955,  Scheunerl  1956)  which  in  Central  and 
Northern  Europe  is  fairly  common  as  a  j)crnianent  phenomenon  of  partial 
hunger  during  the  winter  months  and  an  important  factor  which  not  only 
contributes  to  the  well  Imown  “fatigue”  in  spring  and  the  tendency  lo 
common  cold,  but  also  an  arleriogenic  factor  due  to  a  relative  deficienev 
of  vitamin  C  in  the  winter  menu. 

^lany  such  examples  could  ])e  quoted.  We  are,  however,  faced  by  the  most 
diflicull  task  it  we  attempt  lo  deline  the  role  played  by  nutrition  on  the 
cieation  and  maintenance  ol  an  optimal  stale  of  health  of  the  individual  and 
grouj)s  because  Ihe  criteria  of  perfect  and  harmonious  development  of  the 
human  personality  have  not  been  defined. 

1  a\ouiable  nutritional  influences  are,  no  doubt,  most  important  during 
the  period  of  youth,  when  the  dietary  habits  are  formed  and  when  the 
organism  develops  into  maturity.  For  this  reason,  in  assessing  the  influence 
ot  various  laclors,  as  with  feeding  experiments  on  animals,  special  attention 
lias  been  paid  lo  their  action  on  growth  and  weight  increase  of  the  indi- 
Mdual  Ihe  well  known  example  of  the  Massai  and  Kikui  shows  the  wav 

I  fi"'  ““‘  ‘f “‘>‘1  I'uill  warriors,  Ihe  semi- 
stmved  .Massai  are  ol  small  stature  and  poor  farmers 

erfZZZ^  ‘''V'’  Physical 


generative  and  reproductive  functions) 

oro™l  •^chvUy.  U  l,as  been 

IHored  that  the  raho  ol  nulnenls  in  Ihe  lolal  caloric  inlake  can  inllnence 
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Ihe  equilibrium  ol’  processes  of  excilaliou  and  inhibilion  (Makarichev  1950, 
Aiidriasov  1952,  Lat  1955,  1956). 


In  most  cenlral  European  counlries  there  are  three  main  and  fairly 
common  nulritional  deficiencies: 


1.  a  small  i)rolein  deficiency,  mostly  animal  protein,  particularly  among 
adolescents, 

2.  a  tem})Orary  deficiency  of  some  components  of  the  vitamin  H  complex 
and  a  relative  deficiency  of  minerals, 

3.  a  seasonal  deficiency  of  ascorbic  acid  (vitamin  C). 


It  is,  of  course,  difficult  to  define  the  extent  of  these  deficiencies  and  their 
importance  l)ecause  it  is  not  enough  to  determine  the  difference  between 
actual  consumption  and  recommended  allowance,  hut  it  is  necessary  to 
assess  its  biological  significance.  When  defining  the  nulritional  status  we 
use,  as  has  l)een  mentioned,  three  criteria:  growtli,  [)erformance  and  higher 
nervous  activity. 

If  we  apply  them,  tor  example,  to  our  findings  in  a  group  of  adolescents 
investigated,  it  appears  that  the  heighl/weighl  ratio  in  these  adolescents 
was  jiro'porlional  to  the  intake  ol  protein  because  in  individuals  with  a  high 
caloric  hut  low  i)rotein  intake  this  ratio  is  reduced  by  a  disproiKutionale 
increase  in  weight.  Some  })reliminary  data  from  our  nutrition  surveys  i)ro- 
vide  evidence  for  this  assumption,  though  further  investigations  are  \\ anted. 
Naturally  this  relationship  prevails  only  in  clinically  healthy  individuals 
provided  that  the  vitamin  I)  intake  is  fairly  adequate  and  where  the  ex¬ 
treme  variants  of  hereditary  difference  in  stature  cancel  out. 

More  interesting  and  more  controversial  is  the  relationship  helween  the 
level  of  blood  pigment  and  protein  nulrilion.  Gross  protein  deficiencies  are 
manifested  l)y  a  statistically  significant  decrease  of  the  blood  jiigment  and 
usually  hv  microcytic  anaemia.  Total  absence  of  animal  protein 
so-calied  vegans  —  strict  vegetarians)  even  by  macrocytic  anaemia  (\\  okes 
et  al  1955  a,  h).  It  is,  however,  still  doubtful  whether  uulrilional  factors 
(narticularlv  protein  and  iron)  can  cause  a  recordable  fluctuation  of  the 
haemoglohili  level.  Some  preliminary  data  obtained  by  our  nutrition  sune\ 
group  iirovide  evidence  for  this  possibility. 

A,l(.lhe,-  inclicaU,.-  protein  nulrilion  is,  al  least 
sical  performance.  The  controversial  opinions  (\udkm  1944)  tound  in  tM 
lileraUirc  led  to  a  certain  sceptical  allilude  towards  |)erlorinance  tests  wincl. 

as  I  cen  summarized  Irv  Sinclair  (lildS).  Tliese  olpccPous  are  ccrlaiu  > 
valid  in  ll.e  case  of  the  inalure  individual  where  perlormauce  is  ‘ ''-d 

with  trainiml  and  can  lie  strongly  influenced  hy 

ever  assume  a  ilifferenl  iiosilion  in  Ihe  growing  individual,  ihildicii  h\  i  „ 
fn  the  coumryside  gel  plenty  of  exercise  and  hccause  they  have  roughly 


102 


'”\vrinte^5li<>ale<^a '’>'  "'  lii-'il'<>niiaiice  test 

,hl  ,.i  "  >I  a  li<Hiz,MUal  bar)  (Milligan  el  al  1942)  ns.ng 
ca  ion  (Kfikava  1955).  Our  resulls  showed  an  uiverse  correlalion  vMlh  t 
chil'rrxveigbl  and  a  direcl  correlation  with  the  protein  intake  and  the 

^■nle'aclion  ol  protein  deliciency  on  nervous  activity  can  so  lar  he  derived 
only  fi-oin  ohservalions  ol  so-called  psychoses  in  inlermnenl  and 
tion  camps  and  from  data  pertaining  to  metabolic  inlluences  on  the  cential 
nervous  system  (Hinnvich  1911).  Direct  data  have  lieen  provided  by  expen  - 
mental  work  which  shows  that  an  adequate  iirotem  allowance  in  the  diet 
of  experimental  animals  leads  to  an  increased  activity  and  improves  their 

ability  to  differentiate  (Lat  1955,  195()).  ,  .  .  .>  ,i 

Inadeipiate  jirotein  intake  usually  runs  parallel  with  deticiencies  ol  the 
B  complex  vitamins  and  some  mineral  elements.  We  observed  that  a  smkbn 
increase  of  the ‘reijuiremenls  ol  these  factors  leads  to  a  slowing  down  of 
reparative  processes  in  individuals,  where  the  deficiencies  were  formerly 
only  of  suhclinical  order.  Thus  jialienls  alter  surgical  operations  do  not 
only  exhaust  their  protein  reserves  hut  are  also  deficient  in  vitamin  B.,  as 
manifested  by  typical  symjitoms  of  angular  stomatitis. 

Relative  deficiencies  of  aneurin  are  accentuated  al  present  by  a  decreased 
demand  for  high  extraction  breads  and  the  increasing  predileclioii  lor  while 
bread  as  well  as  by  the  increased  consumjilion  of  alcoholic  beverages. 

Suhclinical  ascorbic  acid  deficiencies  have  also  a  mass  incidence  and  are 
marked  in  winter  and  sjuing  when  the  siqiplies  of  fruit  and  vegetables  are 
limited.  Various  authors  jirovide  evidence  for  these  observations,  though 
others  quote  different  results  (Bartley  et  al.  1953).  It  has  been  shown,  for 
example,  that  in  man  even  prolonged  deficiencies  of  ascorbic  acid  are  com- 
])alible  with  normal  functions  of  the  organism.  We  must,  however,  take 
into  account  that  these  exjieriments  were  of  laboratory  character  and  w'ere 
done  on  formerly  w'ell  nourished  individuals.  It  proves  that  significant 
clinical  symptoms  ajipear  only  after  ascorbic  acid  has  disajipeared  from  the 
tissues  and  has  reached  a  zero  level  even  in  leucocytes,  as  has  heen  postulat¬ 
ed  for  years  by  Sinclair  (1948). 


Hunger  —  expect  lor  some  pathological  stales  —  is  rare  in  central  Europe. 
Iheie  are,  however,  many  small  nutritional  deficiencies  which  escape  the 
eye  ol  the  clinician.  1  he  rapidly  developing  science  of  nutrition  w’ill  cer¬ 
tainly  help  towards  a  better  delcctioiii  ol  these  stales  which  we  consider 
subclinical  al  jiresenl  and  towards  the  elucidation  ol  their  iialhogenic  me¬ 
chanisms. 
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II  iiiodeni  society  is  to  protect  man  from  partial  hunger,  it  is  faced  with 
the  loremost  task  ol  ensuring  a  level  of  food  production  which  will  provide 

nutrients  and  all  hiologicallv  active  elements.  In 
addition  there  remains  the  task  of  heallh  education:  to  further  the  know- 
edge  of  nutiition  niid  to  protect  man  Iroin  states,  the  chronic  course  of 
which,  with  their  initially  latent  symptoms,  undermines  the  health  of  the 
population. 
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NUTRITION,  TUBERCULOSIS  &  LIVING  CONDITIONS 
By  ])r.  E.  Palermo,  Argenlina 


:) 


Tuberculosis,  ])ersisleiil  iiulicalioii  of  social  j)alliology,  maiiilaiiis  ils 
special  position  among  the  mass  diseases.  The  history  of  the  struggle  against 
the  “white  pest”  is  a  succession  of  periods  of  collective  enthusiasm  when 
a  particular  discovei  v  concerning  the  etiology,  diagnosis,  prophylaxis  or 
j  therapeutics  encourages  optimistic  hopes  of  the  speedy  disappearance  of 
the  disease.  This  is  what  ha])pened  with  the  discovery  of  the  bacillus  by 
I  Koch,  the  discovery  of  tuberculin,  the  therapeutic  pneumothorax,  the  appli¬ 
cation  of  BCG,  and  thus  it  has  been  in  our  days,  as  well,  with  the  ap])earance 
ol  the  antibiotics  and  antituberculous  chemotherapy. 

'  However,  tuberculosis  persists  as  one  of  the  big''  health  problems  in  all 
countries  because,  in  spite  of  these  promising  successes  of  positive  value, 

,  the  close  link  between  illness  and  living  conditions  has  not  been  given  the 
attention  it  deserves.  This  point  has  been  made  time  and  time  again  by 
authoritative  medical  spokesmen  since  Villerme  in  1828  drew  attention  to 
the  important  evidence  of  living  conditions/mortality  figures  in  different 
social  classes  and  Chadwick  awakened  an  interest  on  lhe\same  point  in  the 
British  Parliament  in  1842. 

Virchow-  111  1848  asked  "Why  was  disease  —  individual  cases  as  well  as 
epidemic  forms  ~  oj  a  much  more  benign  character  than  in  the  Middle 
Ages,  when  epidemics  conlimied  iininternipted?  Only  because  all  classes 

1' n  <>/  ''■'"■«!/  excludes  these 

diseases  Ihis  relationship  has  been  specifically  demonstrated  in  the 

nmik  ISTin  rf  l"‘  pul.lishecl  papers  in  scienlific  journals, 

h  Itnl  A  II'C  analysis  of  lire  uiorlalily  curve  for 

tuberculosis.  Among  the  social  factors  which  most  influence  this  curve 

nutiition  plays  the  principal  part,  as  has  been  demonstrated  hv  the  sad 
exper,ence,s  vvlnch  differenl  countries  suffered  in  the  h’  o  world  «ars 

condition;^^;::: 

the  «Uhulias.n  enl"!,,krid^v‘Thc^Vsror'rr'  of 

the  iK,siu«  of  the  nfohlem  of  the  «!  Utherculosts  ligures,  it  revived 

'liliotis.  'rins  mX.  u  c^^^^  ‘-"'d  living  con- 

Anierican  countries  which  suffer  heavilW^^^^^  counines  such  as  the  Latin 

ainong  winch  luherculosis  merits  esmecia  eeki m.,  ‘f'^oases, 
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are  self-evidcnl;  each  doctor  lias  sufl'icieiil  jiroof  from  his  own  experience 
and,  in  not  a  few  cases,  founded  on  partial  statistics  collected  by  doctors 
who  have  studied  the  prolilem  in  a  specific  locality  and  based  almost  ex¬ 
clusively  on  jiersonal  experience. 

'This  lack  of  exact  statistics  is  shown  in  the  Ihiited  Nations  data.  Thus, 
we  see  in  many  of  these,  that  our  country,  Argentina,  figures  as  one  of  the 
best  fed  in  the  world.  Figure  1  will  corroborate  the  international  conception 
of  the  overfeeding  of  our  people,  where  it  is  seen  that  Argentina  has  the 
greatest  excess  over  calciilaled  ration  requirements  jier  capild.  Argentina 
in  reality  demonstrates,  however,  that  this  is  true  only  lor  some  groiqis  of 
the  population  and  not  for  the  majority.  ^Tlie  political,  economic  and  social 
character  of  the  country  exiilains  the  reasons  for  this  reality. 

d'he  Argentine  Republic  is  a  large  country  which,  without  the  Antarctic, 
covers  2  7^)5(195  siiuare  kilometre.s^  with  a  population  which  does  not  even  | 
reach  20  million.  The  exploitation  of  the  many  national  resouices,  which 
began  in  the  colonial  })eriod,  was  slowed  down  and  ])ractically  nullified  | 
at  the  end  of  this  epoch  by  the  political  orientation  which  the  intere.sted 
cattle  raisers  in  the  littorai  zone  imposed  on  the  republican  organization, 
d'his  explains  how%  in  little  more  than  a  century  of  national  history,  the 
country  has  developed  to  the  advantage  of  thedittoral  region  and  to  the 

detriment  ot  the  rest  ol  the  country.  ^  ,  r  n 

We  still  find  the  effects  of  this  evolution  in  that  I'.V i  per  cent  ot  the 
poimlation  and  the  greater  part  of  economic  activity  and  exploited  wealth 
is  concentrated  in  the  littoral  which  reiire.sents  a  (luarter  ot  the  territoiN 
From  this  region  the  conglomerate  of  Greater  Buenos  Aires  projects  a. 
a  great  head,  consisting  of  the  Federal  Capital  and  its  sulnir  is 

The  rest  of  the  countrv  fits  Josue  de  Castro  s  description  of  the  Lat 
\nierican  countries,  as  a  \nslnlnilion  of  effeclivc  hunmns  in  liimlcd  niicki 
of  popidcdion  scpnralcd  from  each  olher  Inj  qmd,  almosl  cmplij  spaces  aiiT 
a<W,  .!r  economic-  clevelopmenl  cyl.icl.  voces  ' 

With  such  a  demographic  distribution,  its  economy,  based 

Ihe  exploitation  on  great  lanfimdia  belonging  to 

lacco,  tannin,  giajies)  lai.  .  «tiirh.  with  some  single 
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FIGURE  1 

Calorific  rations  calculated  as  a  function  of  recjiiirements 


t 

Refcion  and  Country 

Recent 

calorific 

ration 

Requirement 

(calculated) 

Difference 

C/o  of 

requirement) 

FAR  EAST 

* 

Ceyton . 

1  970 

2  270 

—  13-2 

India  . 

1  700 

2  250 

—  24-4 

Japan  . 

2  100 

2  330 

—  9-9 

Phillipines . 

1  960 

2  230 

—  12-1 

MIDDLE  EAST 

Cyprus  . 

2  470 

2  510 

—  1-6 

Egypt  ....  . 

2  290 

2  390 

—  4-2 

Turkey  . 

2  480 

2  440 

+  1-6 

AFRICA 

French  North  Africa  .  .  , 

1  920 

2  430 

—  20-9 

Mauritius  . 

2  230 

2  410 

—  7-5 

Union  of  S.  A . 

2  520 

2  400 

+  5-0 

LATIN  AMERICA  .  .  . 

Argentina  .... 

3  190 

2  600 

+  22-7 

Brazil . 

2  340 

2  450 

—  4-5 

Chile  .... 

2  360 

2  640 

—  10-6 

Mexico  .... 

2  050 

2  490 

—  17-6 

Urueuay  .  .  . 

2  580 

2  570 

+  0-4, 

EUROPE 

Denmark  . 

3  160 

2  750 

-f  14-9 

France  . 

2  770 

2  550 

+  8-6 

Greece  . 

2  510 

2  390 

-t  5-0 

Italy  . 

2  340 

2  140 

—  4-1 

Norway  . 

3  140 

2  850 

+  10-2 

United  Kingdom  .  .  .  ,  y 

3  100 

2  650 

+  19-6 

north  AMERICA  &  OCEANA 

Australia 

United  States  . 

3  160 

3  130 

2  620 

2  640 

+  20-6 
+  18-5 

t 


..esliinak’d  llial  such  nii»ralions  •illivi  '  ‘.’i  '‘'"'S  condilions.  1[  is 

nii^ialions  ailed  some  2o  per  ceui  of  the  lotal  pojmla- 
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lion  of  the  country  annually.  Such  a  polilical/econoinic  situation  explains 
the  existence  of  distinct  levels  of  nutrition. 

I  he  lack  of  complete  statistics  and  of  global  studies  on  nutrition  should 
not  invalidate  the  concepts  suggested  by  the  figures  or  partial  research 
results  available.  With  these  it  is  possible  to  agree  broadly  with  the  classifi¬ 
cation  which  de  Castro  uses  in  his  memorandum  to  UNESCO  on  ‘Problems 
of  Nutrition  in  South  America’.® 

•  Sector  A  corresponds  in  our  country  to  the  north-west  and  the  south. 
It  is  characterized  by  a  nutrition  defective  in  quantity  and  quality  which 
results  in  a  state  of  marked  under-  nutrition  and  chronic  hunger.  This  sector 
would  include  the  majority  of  the  population  of  14  provinces,  ecjuivalent 
to  a  third  of  the  country. 

dlie  province  of  Jujuy  is  a  clear  example  of  this  sector.  One  of  the  latest 
reports  on  the  nutrition  of  students,  published  in  the  Prinieras  Joniadas\ 
Tisiologicas  del  Sorte  Argentine  (Jujuy  1956)  by  Dr.  A.  R.  Carrizo  and 
O.  Marin, reproduces  without  change  the  old  denunciations  made  by  R.  J. 
Carcano  in  his  book  “800  000  Analfabetos”  (800  000  Illiterates)  of  lOdd"*  and 
by  A.  L.  Palacios  in  “El  Dolor  Argentino”  (The  Argentine  Sorrow),  1937.'^ 

It  is  revealed  in  these  studies  that  the  insufficient  nutrition  of  the  student 
popidalion,  consisting  essentially  of  maize,  beans,  a  few  potatoes  and 
occasionally  dried  meat,  results  in  a  poor  state  of  nutrition  which  explains 
the  high  rate  of  mortality  they  suffer. 

Sector  B  corresponds  essentially  to  the  already  defined  littoral,  where 
the  nutrition,  in  general  sufficienl  in  quantity,  suffers  (jualilatively  from 
j)arlial  scarcities,  which  together  determine  a  stale  of  discrete  under¬ 
nutrition.  Rich  in  meal  and  starch,  deficient  in  milk,  eggs,  green  vegetables 
and  fruit.  The  consumption  of  meat,  carbohydrates  and  milk  for  an  im¬ 
portant  part  of  the  13  million  inhabitants  of  this  sector,  raises  the  general 
average  of  calories  per  capita,  which  is  used  indiscriminately  in  the  global 
statistics.  But  even  thus  a  large  percentage  of  this  population  —  for  economic 
reason  —  cannot  reach  this  level  as  some  studies  show. 

In  a  stiidv  on  “the  family  budget  and  the  nutrition  of  school  feeding 
of  1949,  H.  E.  Guaila"  tells  us,  with  reference  to  the  Federal  capital  “. . .  lue 
can  assert  that  the  resources  considered  are  in  fact  insufficient  to  cover  the 

necessities  of  the  typical  domestic  badger.  .  ,  , 

“1\  e  do  not  have  recent  nutrition  research  which  pennds  us  to  draw  con¬ 
clusions  at  the  present  time  but  it  must  be  taken  into  account  that  in  our 
ten  ijears^  research,  30  per  cent  of  the  families,  that  is  to  sap.  approximately 
a  tliird  part  have  an  unbalanced  budget  or  are  in  debt  .  (Ihe 
referred  to  was  undertaken  by  the  National  Institute  of  Nutrition  in  1939 
oil  ■!  lotal  of  GOO  families  in  tlie  city  of  liuenos  Aires). 

From  a  six  0?  research  into  the  nutrition  of  the  infant  before  rveanmg 
the  city  of  liuenos  Aires,  ().  A.  Aheyii  in  19r,G«  readied  ll.e  <;«‘'C  usion  Uia. 
high  percentage  received  less  than  the  recommended  quanti  r 
which,  added  to  the  other  nulrili 
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onal  deficiencies,  justifies  a  figure  of  over 


108 


^^18  per  cent  children  sul’fering  from  malnulrilion,  wlio  are  also  living  in 
houses  of  unsound  conslruclion  and  lacking  all  hygiene  facilities;  all  this 
tladded  to  the  fact  that  more  than  half  of  the  homes  were  in  receipt  of  an 
insufficient  monthly  income  which,  according  to  the  author,  would  explain 
‘[the  defective  nutrition  of  such  children.  The  importance  of  these  figures 
lies  in  their  corresponding  to  the  numbers  attending  hospitals  in  greater 
•  Buenos  Aires,  which  has  the  highest  economic  level  in  the  country.  In  the 
’same  way,  in  Mendoza,  which  is  also  included  in  the  sector  of  l)etter 
,, economic  possiliilities,  the  following  facts  are  given:  E.  Bustelo  and  his 
‘to- workers®  in  1955  concluded  from  a  study  on  “//le  nutrition  of  the  healthi) 
child  in  the  City  of  Mendoza'":  “From  a  clinical  study  it  is  deduced  that 
y\sojnc  64^'2  per  cent  of  the  children  would  be  in  defied  in  respect  of  the  normal 
slate  of  'eutrophia'  ",  It  is  concluded  that  in  the  second  year  of  life  protective 
’[foods  do  not  meet  the  minimum  reejuirements.  In  the  ])re-school  and  school 
children,  only  50  per  cent  have  the  necessary  amount  of  protective  foods, 
-•besides  the  contribution  of  l)utter,  eggs  and  cheese  being  markedly  sub¬ 
standard.  Milk  in  general  witli  us  is  bad,  scarce  and  expensive.  Official 
.statistics  reveal  that  the  per  capita  consumption  of  fresh  milk  only  reaches 
^83  cm®.  1  he  research  has,  demonstrated  the  direct  ratio  existing  between 
economic  conditions  and  the  quantity  and  quality  of  food". 

^  In  a  book  by  J.  S.  Maurin  Navarro  oji  “Schemes  for  Sanitary  and  Social 
Paediatry”  (1956),  among  the  socio-economic  causes  of  the  high  infant 
^mortality  rale  in  the  Province  of  Mendoza,  the  nutritional  deficit  is  noted 
groat  scarcity  of  milk  which  hardly  reaches  a  daily  consumption 

replaced  by  anv  other  i)rotective  food 
ot  equal  biological  value.  Similar  conclusions  were  drawn  bv  S  Mavor“ 

Jrom  his  nutritional  studies  of  schoolchildren  in  Valle  de  Calamuchita 
•'(Province  ot  Cordoba). 

*7  regional  studies,  it  is  no 

Bexa^^eiation  to  affirm  that  more  than  a  third  of  the  Argentine  population 

endme  socio-economic  conditions  wliich  produce  a  state  of  ch, on'lc  hunge" 
We  l)e^lm^e■^wil^l^‘l■^^‘  Sutter  froin  slight  subnutrition,  a  small  percen- 

t  nils  in  a  countiy  of  immense  nutritional  possibilities  where  onlv  half 
the  vnnl'^t  “‘T  Of-  stnlui“lsuUs 

JStliseirtl  rcol  OM- 1  "'ipoverished  by  the  per- 

Qaets  dnp  Irv  m'  ^  living,  and  where  one  finds  the  contradictorv 

^e'foorpidl^d'ijherrz"  >■- 10-0?'"^ 

|fruit,  milk).  specu  ation  or  through  lack  of  transport 

-xprysloloh,hretilniil:trm^^^^^^^  =>  ‘-'hful 

lifferent  age  groups  a  definhe  '?,■  ^  ““rlality  rale  in 

.Xlreines:  ll.e^ml  ’exLil  '["‘r  '’^‘"een' the  two 

ipie  ot  hecloi  A  -  Jujuy,  and  the  prototype  of 
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Sector  B  —  the  Federal  Capital.  These  I'igures  demonstrate  clearly  that,  I 
while  in  the  Federal  Capital  50  per  cent  of  the  deaths  are  in  the  over  50  age 
group,  in  Jujny  50  per  cent  die  before  they  are  five.  | 

These  figures  confirm  what  happens  with  the  infant  mortality  rale  as, 
according  to  the  technical  studies  of  the  United  Nations,  ^'nolhing  is  more  j 
revealing  of  the  stale  of  health  of  a  comnmnitg  than  its  infantile  mortalitg 
rate”.  ”The  infantile  inoiiatUij  rales  reveal  not  only  the  lack  of  adeqiialc 
health  facilities  for  mothers  and  children,  but  also  the  existence  of  bad' 
social  conditions  in  generar.- 

They  also  prove  that,  while  in  the  Federal  Capital  the  figures  approximate  I 
to  the  acceptable  for  the  noiinal  leval  of  urban  communities,  the  further 
we  go  from  this  centre,  the  more  alarmingly  high  do  the  figures  become.  | 
dims,  all  the  comjjarative  figures  combine  to  agree  on  this  point.  Look,  fur 
example,  at  the  following  table  of  mortality  without  medical  attention.  i 


Deaths  at  0 — 1  year  without  medical  aid^° 
(averages  for  1951-53) 


Administrative  division 

®/o  of  deaths  from 
unknown  causes 

1 

1 

1 

0-7 

5-0 

6*6 

13-0 

37-8 

1 

62-7 

— 

With  respect  to  tulDcrculosis  it  is  not  to  he  wondered  at  that  similar  facLs 
are  lepeated  There  are  no  general  statistics  which  allow  the  esta^^^ 
of  reliable  figures  hut  some  rough  estimates  give  us  indications  of  adefi  itely 
morbid  level  The  tuherciilosis  mortality  rale  lor  the  whole  com  I  > 
estimated  at  35—40  per  100  000.  While  in  Buenos  Aires  the  ligue  is  estimate 
a  6-9  per  100  000  US  per  cent  of  the  total  death  rate),  in  " 
Bud  greatly  increased  figures  ^Ndiich  in  Jujuy  reach  l/o  per  100  000  (10  pei 

oTs\aUsJlcsdfn^,«  "  hea  dealing  wUh  general  studies 

■'irate  itrrt7i',“ir^^ 


no 


► 


tl  worked  oul  by  H.  F.  Vaccarezza  and  B.  bbuiuiii  in  the  Ceiilre  of  University 
Prophylaxis  (under  Professor  \\iecarezza’s  dejiartmenl  of  pathology  and 
l;  clinical  diagnosis  of  luherculosis).^- 

The  low  figures  noted  are  influenced  as  much  hy  Ihe  geographic  origin 
[,  of  the  sludents  of  the  Universily  of  Ihienos  Aires,  foi-  the  most  part  from 
the  littoral,  as  hy  the  economic  slandard  of  their  families,  in  general  from 
;  the  middle  or  upper  classes  of  the  population.  In  contrast,  in  Jujuy  which 
lies  in  tlie  epidemiological  stage  of  massive  tuberculosis  and  whose  imtri- 
I  tional  poverty  we  have  already  described,  the  census  of  1 1  500  .school 
‘children  of  the  whole  jirovince  demonstrates  the  existence  of  high  figures 
.  although  varying  according  to  the  different  provincial  departments. 


Tuberculosis  inorhidili)  discovered  <tl  the  first  exuininalion 


Tuberculosis  niorl)idity 

Period  1939—51 
(62  926  students  . 
examined) 

Period  1951 — 55 
(62  209  students 
examined) 

cases 

cases 

"'o 

a)  Tuberculosis  not  known  to  be  active 

330 

0-52 

184. 

0-30 

b)  Tb  not  recognized,  suspected  active 

181 

0-29 

129 

0-21 

c)  Tb  diagnosed  in  treatment  .... 

121 

0-19 

91 

0-14 

d)  Tb  known,  apparently  cured  .  .  , 

82 

0*13 

102 

0-16 

TOTALS  .  .  . 

717 

1-13  ^ 

506 

0-82 

Depcu Imcnl  oj  Ledesma:  Irom  25 — 55  per  cent  of  school  children  under 
‘  12  years  old  are  Th  jiosilive; 

^  10  per  cent  with  active  bacillus,  many  cavities. 

(19^^^  cent  Tl)  j)ositive,  5  per  cent  with  active  forms 

On  the  other  hand,  the  examination  of  52  000  studies  of  the  workers  and 
^llieir  tainilies  in  the  sugar  industry  demonstrates  an  average  of  15-8  iier 
rp.u  ‘oaching  in  some  plantations  the  figure  of  27  per 

tciii  (^jujuy  IPo/P  ^ 

figines  xve  liave  taUun  IIk-  exlremc 
nses  in  the  ijopulation  —  on  the  one  hand,  the  iiopulation  at  a  better 

’SrilUr-'’  "''“‘'V'"'  an.l.  on  “hi 

othei,  the  Jujuy  ])opulation  wuth  the  worst  socio/economic  conditions  in 

^.a:.a  rev., 
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overcrowding,  alcoholism  and  drug  addiction  —  social  ills,  the  eradication 
of  which  is  not  possible  without  somehow  breaking  the  vicious  circle: 
poverty-illness-more  j)overty  —  more  illness. 

In  this  vicious  circle  nutrition  is  the  ])rinci})al  cause  influencing  even 
drug  addiction. 

Gutierras  Noriega^^,  who  has  studied  the  social  origins  of  drug  addiction, 
has  maintained  that  “/he  priiiKtrij  cause  of  cocaine  addiction  is  the  defi¬ 
cient  supply  of  nutritional  substances  in  the  affected  reyions".  He  esta¬ 
blishes  the  following  relation  between  the  (juantity  of  food  ingested,  cal¬ 
culated  on  the  basis  of  information  from  S.C.I.P.A.  (Interamerican  Co¬ 
operative  Service  for  Production  of  Food)  and  the  taking  of  cocaine: 


Consuniplion  of  leaves  of  cocaine 


Kilos 

per  person 

Nutritional 

per 

annum 

deficiency 

1) 

2—4 

44-20/„ 

2) 

1—2 

27-0O/O 

3) 

0—1 

i3-o»;o 

ddiese  conditions  given  for  the  Republic  of  Bolivia,  next-door  neighbour 
to  our  province  of  Jujuy,  are  repeated  for  the  most  part  by  the  j)opulation 
of  that  province,  adding  a  new  lactor  which  adds  to  the  IR  rate  (in  1945 
and  1947,  xVrgentina  imported  from  Bolivia  415  091  kg  and  403  504  kg  co¬ 
caine  leaves  respectively).^* 

Thus  we  come  hack  to  the  nutritional  factor  as  the  most  impoitant  ele¬ 
ment  among  the  causes  abetting  illness,  especially  tuberculosis.  It  is  clear 
that  this  is  no  chance  hut  a  variable  depending  on  the  socio/economic  con¬ 
ditions.  .  .  .  , 

The  acknowledged  importance  of  the  nutritional  factor  m  the  stiuggte 

asainsl  tuberculos'is  withoul  estalilisliing  llie  necessity  ot  inodilying  living 
cnnclitinns  liv  making  ]nactical)le  sufficient  and  balanced  nutniioii,  and  the 
chan'iing  of ‘living  conditions  of  our  people,  shows  that  we  have  to  struggle 
for  social  evolution,  based  on  an  harmonious  development  of  economic 
iiotentialities,  which  would  make  possible  progress  in  the  dilferenl  con¬ 
ditions  necessarv  for  hap|)iness:  guaranteed  employment,  heallhi  y  am 
justly  remunerated,  development  of  culture,  reasonable  organization  ol 

offcctive  health  service  etc.  etc.  . 

Anv  anti-tuberculosis  campaign  ought  to  include  among  >'* 
alon"  with  vaccination,  liCG,  early  diagnosis,  prophylaxis  etc.,  and  as 
;  fundamental  re(|uirenient,  the  assuring  of  adcip.ale  to  the  popu  aii^ 

a  more  decisive  form. 


We  maintain  that  doctors  in  general,  through  their  scientific,  liade  union 
and  cultural  organizations,  ought  to  exert  a  more  elfective  influence  as  an 
organized  force  for  the  defence  of  health  and  the  wellbeing  of  the  peojile. 
lliis  is  the  practical  way  to  achieve  the  concept  of  health  as  defined  in  the 
preamble  of  the  constitution  of  the  Organizacum  Medico  Social  (Argentina): 
'dlealth  is  the  state  of  complete  mental,  physical  and  social  wellbeing  and 
not  merely  the  absence  of  illness  or  infirmity'’  which  is  complemented  by 
the  recognition,  in  the  Declaration  of  Human  Rights  jiroclaimed  by  the 
United  Nations,  that  ’’Everyone  has  the  right  to  a  standard  of  living  ade¬ 
quate  lo  secure  for  himself  and  his  family,  health  and  wellbeing,  and  especi¬ 
ally,  food,  clothing,  accommodation  and  medical  assistance”. 
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IMIOTOSYNTill^SlS  AM) 


THE  PROBLEM  OF  FOOD  RESOURCES 


i>y 

Professor  A.  L.  Kursanov  and  Professor  A.  A.  Nichiporovicli, 
'riiniryazev  Inslilule  of  Plant  Physiology, 
Academy  of  Sciences,  Moscow 


At  the  root  of  technical  progress,  prosperity,  and  the  very  life  of  man  lie 
three  fundamental  {)rohlems:  1.  The  problem  of  food  and  food  resources; 
2.  The  problem  of  energy  and  power  resoiuces;  and  3.  'I'he  problem  of.  tech¬ 
nical  materials 


VxCA.!  XX1CA.LV^1. 

d'he  most  important  and  the  most  acute  of  these  is  the  problem  of  food 
resources  which  is  wholly  based  on  the  j)hotosynthesis  ol  green  plants.  Ihe 
photosynthesis  of  green  plants  is  practically  the  only  primary  source  (with 
the  exception  of  chemosyn thesis,  the  extent  of  which  is  insigiiiticant)  of  the 
new  formation  of  organic  substances,  and  hence  it  is  the  sole  primarij  source 
of  food  for  all  living  organisms  on  earth,  including  man. 

Taken  together,  all  the  plants  on  the  globe  both  on  land  and  in  water 

i) roduce  annuallv  about  450  billion  tons  ot  organic  substances,  which  is 
roughly  hSO  tons  per  inhabitant  of  the  earth.  Ibis  is  done  in  the  ])rocess  of 

j) h()tosynthesis  from  carbon  dioxide,  water  and  mineralized  compounds  of 

nitrogen,  sulphur  and  other  elements. 

Yet,  des])ite  this  fact,  the  food  problem  is  one  of  the  most  acute  problems 
facing  mankind.  Its  acuteness  —  even  to  the  point  ot  its  hecoiuing  a  na¬ 
tional  calamitv  —  is  especially  fell  in  countries  with  underdeveloped  agri¬ 
cultural  techniques  or  in  years  of  drought  and  difficult  wintering  conditions, 
or  when  harvests  are  attacked  by  pests  and  plant  diseases. 

One  of’ the  reasons  for  the  problem  of  food  resources  being  acute  is  the 
extremely  uneyen  distribution  of  food  products  among  the  inhabitants  ol . 
differenl'counlries  and  among  the  various  strata  ol  society  ‘ 

However  even  if  all  the  food  iiroducls  iiroduced  at  iiresenl  b\  man  wcit 
dislrihuled  uniformly,  the  total  world  iiopulalion  would  not  at  present  he 

fully  supiilied  with  food  of  the  reciuired  cpiahly. 

In  llie  final  analysis,  llic  present  and  /ulure  oj  mankind,  the  lim  ( 
nomdalion  level  o/tlie  earth  and  the  level  of  prosperity  o  l  ie  individual 
derend  entirely  upon  the  polenlial  production  oj  llie  pholosynlliesis  of 

an.l  ..L  l,o,„  M.a.ul  raiionaim  ,mn  .s  an-f 

''’u''i"prc5reWfo;Mi;;sr™  "'I- ''"‘’‘“T  metosl 

!;“£  t cr 
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^  resources  will  receive  entirely  new  possibililies  for  its  solution  when  we 
have  discovered  all  the  peculiarities  of  the  mecJianism  of  photosynthesis  of 
f  plants,  and  are  able  to  make  this  mechanism  work  in  artificial  industrial 
systems, 

\  Without  a  doubt,  a  full  knowledge  of  the  mechanism  and  principles  for 
accomj)Iishing  natural  phofosynthesis  will  carry  with  it  tremendous  conse- 
^  (piences  for  the  theory  and  practice  of  chemical  science  and  industiy. 

However,  it  is  worth  reflecting  upon  the  nature  of  these  consequences. 

[  First  of  all,  it  must  be  pointed  out  that  no  artificial  photosynthesis  will  be 
capable  of  creating  food  products  so  diverse  in  kind,  so  complex  in  composi- 
,  tioii,  arid  so  agreeing  with  the  tastes  and  requirements  of  man,  as  flour, 

'  vegetables,  fruits  and  so  forth. 


Consequently,  when  speaking  ol  artificial  photosynthesis  we  might  hope 
to  benefit  by  it  only  insofar  as  the  production  of  individualized  food  sub¬ 
stances,  as  loi  instance,  carbohydrates,  fats,  nitrogen-containing  substances 
(ainiiio  acids,  j)roteins)  or  substances  of  high  physiological  activit}^  as  vita¬ 
mins,  hormones  etc.,  is  concerned.  However,  if  we  begin  to  s])eak  of  such 
products  as  carbohydrates,  fats  and  proteins,  we  note  that  they  are  required 
in  such  tiemendous  quantities  that  their  artificial  photosynthesis  would 
only  be  significant  if  the  process  could  be  accomplished  on  a  very  wide 
scale,  comparable  to  that  of  plants. 

If  such  a  synthesis  were  organized  to  utilize  the  energy  of  the  sun’s  light 

."““f  5,  ‘0  have  a  large  surface  to  entrap  the 

^1^  a  ^  a  surface  would  liave  to  cover  tens  and  liuudreds  and  even 
thousands  and  lens  of  tliousands  of  liectares  (I  liectare  =  2-471  acres'!  To 

inTesi^n  sucl,  apparatus  would  have  to  Ire  compi  caltd 

operriiSn  “'*0  have  to  he  capalrle  of  continuous 


chrn^tm'‘ot 'nSs^k'’^  continuous  operation  is  tire  pholosvn thesis  me- 
of  ordinary  indus.l-iai^LVV.pJrah"  ''™'" 

in  «he.;i^reon,,!Iex‘ZS  "  ''“tinuous  process 

system  of  such  Slateis  Ts 

hydrogen,  diverse  enzv-nres,  acceptors  of’ COrelc.  "'““'"ns  and 

agents  are  constantly  helm' wmsuine  "lat  many  of  these 

r)f  photosynthesis  Thus  fbp  lenewed  and  recreated  in  the  process 

'Ul>ject  to  coustant  renewal  and  u  ^ and  proteins  are 


peculiarities  ot  natural  j)liotosynthesis  as  the  most  perfect  mechanism  o 
continuous  action  are:  a  constant  self-reproduction  of  the  photosynthesi: 
apparatus,  a  constant  recreation  of  active  systems  that«are  necessary  fo 
its  operation,  and  at  the  same  time  a  constant  removal  of  pioducls  produce( 
in  excess,  to  zones  of  consumption  for  growth  or  for  huilding  up  reserves 


From  the  foregoing  it  is  not  difficult  to  visualize  the  complexity  of  thi 
apparatus,  to  imagine  the  tremendous  diversity  of  the  reactions  that  i 
must  provide  and  the  strict  co-ordination  that  must  he  ensured  lor  it  t' 
function  normally.  And  if  all  of  this  was  developed  and  created  in  th 
process  of  plant  evolution  during  millions  and  even  hillions  ol  years,  i 
can  hardly  he  hoped  to  create  artificially  just  such  a  com])lex  sell-renewin; 
mechanism  of  continuous  action,  which  of  itselt  would  not  only  rene\ 
itself  as  it  works  hut  would  also  reproduce  and  grow,  covering  huge  area 
and  taking  up  stupendous  (juantities  of  solar  energy  and  working  on  a  seal 
just  as  grandiose  as  do  plants  that  cover  vast  expanses  of  the  globe. 

Of  course,  this  in  no  way  signifies  that  knowledge  aiajuired  of  the  orga 
nization  and  mechanisms  of  natural  })holosynlhesis  cannot  lead  to  con 
sequences  of  great  importance  theoretically  and  practically.  1  here  can  b 
no  doubt  that  a  thorough  knowledge  ol  the  mechanism  and  nalme  ol  photo 
svnlhesis  could  help  to  revolutionize  our  chemical  industry.  For  exampb 
many  chemical  j)rocesses  which  are  at  j)resent  accomplished  by  applicalio 
of  energy  (high  temperatures,  ])ressures  etc.)  will  in  luture  proceed  2 
nholochemicar  reactions  deriving  energy  from  sunlight,  that  is,  they  wi 
operate  on  a  praclicallv  limitless  power  basis.  And  the  range  ot  possihl 
j-eactions  that  may  be  accomiilished  in  this  manner  is  ml  mile. 

Bv  selecting  the  oiiticallv  suitable  and  active  sensitizers  (chlorophyll  i 
.■TCCH  planlsraiul  catalysis  (enzymes  in  plants),  any  substances  may  1 
r>ions5hl  into  the  reaction,  irrespective  ol  their  optical  activity  and  (hen  i. 
'  tabiTitv  and  these  reactions  may  lie  carried  mil  with  higl.  inalerial  an 
ener«v'vields.  Tliis  statement  is  based  on  tlie  tact  that  in  tlie  uaction  i 

pliotosvnlhesis  of  plants  there  participate  such  'i''' 

nicaltv  extraordinarilv  stable  compounds  as  carbon  dioxide  and 
in  a  number  of  cases  mineralized  compounds  of  nitropn,  snipinii 

die  Reaction  pr.Klucts  are  diverse  and  complex  organic  substan 


])orl 
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,;iativeiy  sim,de  in  ^ 


. . .  - 

animals  with  food  and  forage. 


andm:^'a.X?n,rr;'s:ic!^«lultrt^ 
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the  ])lK>t()syiUhclic  output  of  the  green  plants  themselves.  Man  has  at  his 
disposal  two  principal  j)Ossihilities  of  solving  this  prohlem  in  lull  lor  the 
jaesenl  and  the  future. 

The  first  consists  in  a  ma.viinum  increase  of  the  efficiency  with  which 
the  photosynthetic  ])rocess  is  utilized  l)v  natural  vegetation  (forests,  steppes, 
meadows,  and  marine  vegetation)  and  the  fauna  which  exists  on  the  basis 
of  this  natural  vegetation. 

However,  a  radical  sohition  of  the  problem  mcaj  be  achieved  oidij  by  Ihc 
second  palh,  lhal  of  expandiny  Ihe  area  under  proper  and  inleiisiue  culli- 
valion  oj  the  most  vahudde  and  productive  food  ai]d  foraye  jdaiils,  the 
])Iwt()synthelic  produclivily  oj  which  is  usiiatly  considerably  above  the 
produiclivdy  oj  plants  of  the  ludurcd  eoenoses,  and  by  increasiiuj  in  every 
way  their  yields  and  food  productivity. 

the  decisive  signilicance  ol  this  latter  possibility  is  once  more  stressed 
hy  the  tact  that  thereby  there  is  established  between  j)lants  and  man  the 
most  .simj)le  type  ol  lood  chain,  where  man  himself  consumes  directly 
a  considerahle  part  ol  the  vegetable  food  products;  a  cei  tain  portion  of  the 
\egetation  is  converted  into  high-(]uality  lood  j)roducts  through  the  agency 
ol  only  one  intermediate  biological  link,  domestic  aninials.\\nd  only  in 
a  small  [)art  is  there  yet  another  intermediate  link,  that  of  mici'o-organisms 
(as  m  siloing,  leavening,  fermentation). 


Ihe  remaining  organic  substances,  such  as  vegelalile  remains,  the  offal 
ol  animals  (a.side  troin  the  part  lost  in  the  form  of  such  technical  products 
as  Dies,  wool  etc.),  are  returned  hy  man  to  the  .soil  in  the  form  of  organic 
em  pm the  (piantity  of  photosynthetic  product  in  sub- 

all.rcvs.„,- 


lor  a  liigl,  loial  levd  „r  |„-,hIucc  and  a 
i  dnK  I'V  loans  ulilizalinn  ol  llie  |iliolnsvnllietic  protlucc  of 

an  s  as  a  .snnrce  of  lood.  Consi,loral,lv  less  of  eclive  in  this  e  ed  are 

.  -a  i:;:  'iiis;;:* 


^  of  Ihc  problem 

Ihe  gl<}bc  II, nil  ciillimicil  cron,,  on, I  (  ' '"’''"■'’'I’s  on  Ihe  laiiil  areris  of 

lur/hhi  proihiclwe  planis.  nnil  lo  mohe  Ihe  fon  t'r  I'^'f  '"><1 

man  ns  .ihorl  and  cffeclive  n.v  possible.  m>d 


pr.loile(lSlrc,sl,s!'espeda‘ll'- in  l'|',e  h‘np!eal  and'siZ'’  '"T''" 

l"«l.  ileiiree  of  hu.nidily  and  long  vellZlive  pea;!:,;;'’'’'"'' 
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1 1  is  possible  lo  obtain  extensive  areas  for  cultivation  of  food  and  forage 
})lants  by  irrigating  the  lands  of  deserts  and  semi-deserts.  The  success  and 
scale  of  ibis  measure  will  in  large  degree  depend  on  bow  the  power  problem 
is  solved.  The  more  technical  energy  man  has  at  his  disposal,  the  greater 
will  be  the  areas  that  can  he  irrigated  not  only  by  natural  flow  (through 
the  use  of  dams  and  canals),  hut  also  by  pumping  water  into  zones  of 
insufficient  humiditv  from  rivers  and  lakes  situated  in  zones  of  excess 
humiditv. 


Large  tjuantities  of  available  power  would  make  it  possible  to  extend 
appreciably  the  cultivation  of  plants  in  open,  heated  giound  oi  closed 
ground  with  partial  artilicial  lighting  (light  cultivation),  \\hich  is  paiti- 
cularlv  important  for  the  northern  and  polar  regions  of  the  globe.  It  must 
be  stressed  at  this  point  that,  as  far  as  possible,  the  power  problem  must 
be  solved  to  ensure  an  al)Sohite  and  relative  growth  in  the  use  of  h^dio- 
electric  and  atomic  power,  the  energy  of  the  tides  and  solar  energy,  aiu 
also  a  relative  and  absolute  reduction  in  the  power  obtained  by  burning 
coal,  petroleum,  gases,  peat  and  other  materials  of  photosynthetic  origin. 

These  are  the  materials  which  in  the  future  will  to  a  great  extent  be  used 
to  solve  the  problem  of  the  artificial  synthesis  of  technical  and  chemica 
materials.  Coal,  petroleum,  gases  and  non-food  vegetative  remains  can  am 
must  serve  as  a  source  for  the  synthesis  ot  rubber,  plastics,  technical  oils, 
dyes,  substitutes  for  fibres,  wool  etc. 

The  future  development  of  the  problem  of  power  and  technical 
in  this  direction  can  materially  reduce  (and  may 
cuUivalion  ol'  .nany  technical  plants,  thus 


leration  me  iitiii'-uuuu.j  ^  "  ,.,,1  if  fimllv 

for  instance  in  tl.e  production  ot  plastics  dyes,  , 
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valuable  lands  are  being  used  o  ^  developmen 
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^  this  reason,  progress  in  the  field  ot  agricullurt  may  l)e  most  rapid  and 
effective  if  in  working  out  and  evaluating  each  procedure  aimed  at  in- 
t  creasing  crop  yields  we  j)roceed  Irom  a  clear  understanding  of  how  it  in¬ 
fluences  the  })lant,  and  the  utilization  of  the  products  of  photosynthesis 
[  hy  the  plants  themselves  for  such  processes  of  growth  and  life  activities 
as  can  lead  to  the  highest  possible  yields  of  highest  (juality. 

[  To  obtain  high  and  stable  yields  according  to  plan,  it  is  necessary  that 
the  formative  processes  and  work  of  the  photosynlhetic  apparatus  ol  plants 
t  (the  leaf  area)  should  jiroceed  according  to  optimum  schedules  throughout 
the  vegetative  period. 

>  An  idea  may  he  gained  of  the  theoretically  possible  harvests  of  plants 
and  their  conditions  of  growth  if  we  proceed  from  estimates  of  the  optimum 
,  course  of  development  of  the  photosynthetic  ajijiaratus  of  plants  in  crops 
»  and  tree  stands  and  the  resulting  potential  capacity  for  work.  These  col¬ 
lected  data  may  serve  as  a  basis  for  the  theory  and  practice  of  obtaining  high 
!  crop  yields. 

Some  of  the  princi])les  deduced  from  work  conducted  in  this  direction 
in  the  U.S.S.R.  are  i)resented  in  this  paper.  More  detailed  figures  on  this 
((uestion  are  given  in  a  hook  by  A.  A.  Nichij)orovich.* 


Oidy  crops  and  tree  stands  which  develoj)  a  large  leaf  area  capable  of 
assimilating  large  quantities  of  carbon  dioxide,  are  able  to  produce  high 
crop  yields.  Rut  at  the  same  time,  the  leaves  of  plants  (the  organs  of  ])hoto- 
synthesis)  require  good  illumination  to  function  normally.  In  ordinary  con¬ 
ditions,  a  sufficiently  good  illumination  of  the  leaves  may  be  provided 
when  the  total  crowding  ol  the  croj)  or  coenosis  is  not  too  great;  if  the  leaf 
area  in  ciops  becomes  too  great  owing  to  overcrowding  and  resulting  in- 
ciease  in  humidity  with  an  excessive  and  overhalanced  supply  of  nitrogen, 
the  leaves  of  the  lower  layers  find  themselves  in  conditions  of  insufficient 
illumination  and  rapidly  yellow  and  die. 

Ibis  (auses  accelerated  growth  ol  the  stalks  with  the  ajipearance  of  new 
op  leaves,  and  not  infrequently  leads  to  falling  over  of  grain  and  cotton, 
to  excessive  leal  growth  in  polaloe.s,  to  deterioration  in  the  formation  of 
gram,  Irmt,  tubers,  root  crops,  and  in  the  qualities  of  these  croiis  (the 

^op'yields"  "''-■‘■efoie  reduced  or  low-qiialily 

l.eel^'llw'.'onr  as  wheal,  maize,  polatoes  an.l  su«ar 

nl”  nl  1  area  may  l)e  regarded  as  5  lo  (i  Ihoiisand 

m  per  hec  are  on  Ihc  twenlielh  day  alter  germinalion,  aboul  20  lo  % 
housaml  m»  per  hectare  on  the  forlietl,  dav,  aad  from  30  to  “thousand  ml 

fm  "‘V  flay,  .\fter  this  the  leaf  area  should  Ire  maintahied 

lot  a  certa.n  hn.e  at  th.s  level  (the  duration  ot  this  period  dlnelHo.  dit- 
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leeren  j)lanls);  Iheu  il  should  begin  lo  decrease  due  lo  progressive  dying  oil 
ol  llie  leaves,  and  Ihe  liansl’er  of  subslances  used  tor  growth  and  storage 
in  the  fruit,  grain,  tubers  and  root  crops. 

In  modern  crops  under  normal  conditions  (not  crowded  and  with  sutti- 
cient  supplies  of  water  and  nutrients),  the  average  produclivity  ot  pbofo- 
syntbesis  is  about  4  lo  5  g  dry  substance  per  m-  leal  area  {)er  24  hours, 
(liven  the  optimum  formation  of  leal  area  in  crops  with  these  ligures  ol 
})bolosynlbelic  productivity,  the  biological  yields  obtained  ol  plants  with 
a  vegetative  period  ol  100  days  will  amoiml  to  about  (S  tons  ol  dry  weight 
per  hectare,  whereas  jdanfs  with  a  vegetative  period  ol  120  lo  130  days 
[)ro(bice  ap])roximalely  12  lo  13  tons. 

I  bis  corresponds  to  a  wheal  harvest  ol  ajrjnminialely  23  lo  30  centners 
j)er  hectare,  and  that  ol  [)olaloes  or  beet  ol  300  lo  430  centners  per  hectare. 
'I'hese  are  not  bad  harvest  yields  but  they  are  not  such  as  can  1  Lilly  salisly 
us,  and  the  aim  ol  our  elforls  should  be  consideiably  belter  yields,  which 
in  some  instances  have  already  been  achieved. 


The  natural  (pieslion  that  arises  is:  bow  can  the  pbolo.synlbelic  ajiparalus 
ol  plants  be  acted  upon  in  order  lo  increase  yield?  We  have  already  noted 
that  growth  ol  Ibe  leal  area  is  optimal;  a  luriber  increase  in  yields  may  be 
obtained,  Iberelore,  only  by  increasing  the  net  productivity  ol  pbolo- 
svnlbesis. 


\\  bal  are  the  jiossibililies  in  Ibis  direction  and,  in  jiarliculai,  what  is  the 
Ibcorelically  jiossible  maximum  productivity  ol  pbolosynlbesis.^  Its  Ibcoicl- 
ical  limit  i.s  determined  by  the  minimum  required  quantum  consumiilion 
ol  the  photo  stage  ol  the  juocess  and  the  quantity  ol  energy  ol  solar  radia¬ 
tion  obtained  bv  the  crops  and  tree  slands.Energy  studies  ol  pbolosynlbesis 
show  that  normal  iibolosyn thesis  may  be  regarded  as  jiroceeding  with  a 
(luanlum  consumption  of  8  lo  12  quanta  ol  absorbed  light  (Irom  the  pbolo- 
.svnlbelicallv  active  part  of  the  solar  spectrum).  Given  an  average  inlensil\ 
ol  the  lolalsolar  radiation  ol  O-T-O’S  cal/ciiE  min.  Ibis  can  produce  an  in- 
lensilv  ol  Tibolosvnlbesis  ol  lOO  to  130  mg  CO.wilec^  ol  leal  pei  boiii. 

Fioiires  close  to  100  mg  GO-./dec^  per  hour  have  been  recorded  in  llie  lilcia 
Uu^  which  lad  conlinns,  in  principle,  the  possibility  ol  such  mlens.^e 

jibotosvnlbesis. 

Hcnvever,  tlu-  ol, served  inlensilies  of  pludosynlhesis 
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of  pholosyiilhesis,  wliich  is  from  Iwo  lo  Ihiee  limes  as  great  as  llial  ordi¬ 
narily  found. 

With  such  characteristics  and  with  oj)liimini  giowlh  of  leaf  area,  it  is 
possible  lo  obtain  cereal  yields  of  GO  centners  per  hectare  or  700 — 7.)0  cent¬ 
ners  per  hectare  of  tuber  and  root  crops. 

If  the  intensity  and  ])roducli^ ily  of  photosynthesis  correspond  to  those 
I  theoretically  ol)tainahle  (llial  is,  if  the  j)r()cess  of  j)holotsynlhesis  proceeds 
with  a  10  io  12  quantum  consumption)  it  is  possil)le  lo  ol)laiii  l)iological 
j  plant  yields,  with  a  vegetative  j)eriod  of  100  days,  of  20  to  25  tons  of  total 
dry  mass,  while  for  j)lanls  willi  a  vegetative  j)eriod  of  150  days  llie  total 
may  reach  50  and  00  tons,  which  may  corresj>ond  lo  yields  of  100 — 120 
1  centners  per  hectare  of  grain  or  1  200 — 1  GOO  centners  ])er  hectare  of  tuber 
and  root  crojjs.  At  j)resent,  lecord  crop  yields  have  l)een  registered  that  are 
I  close  to  these. 

These  theoretically  possible  harvests  are  -1  to  5  and  even  10  limes  higher 
I  than  the  usual  yields  obtained  at  present.  In  other  words,  a  rise  in  plant 
yields  lo  the  theoretically  possible  level  could  increase  agricultural  produce 
five  —  and  even  ten-fold.  However,  these  theoretically  })ossihle  yields  are 
possible  only  under  favourable  conditions  which  cannot  be  provided  for 
at  all  places  and  every  year,  owing  lo  insufficient  water  siipj)lv,  difficult 
wintering  conditions,  pests,  low  soil  fertility,  and  so  forth. 

Still,  a  luluie  increase  in  yields  ol  three  and  lour  limes  over  present-day 
standards  may  he  considered  as  entirely  possible  and  realistic,  ddiis  aim, 
ho\Ne\ei,  can  he  reached  only  by  tireless  elloiis  to  raise  the  pholoisynlhelic 
acti\it\  ol  culli\aled  plants.  One  necessary  slej)  in  this  direction  is  the  strict 
selection  ol  l()rms  and  \arielies  ol  plants  with  higher  than  usual  j)hoto- 
svnlhelic  activity,  so  that  the  actual  j)holosvnlhelic  work  of  their  leaves 
apj)roaches  oi-  nearly  leaches  the  theoretically  possible  level. 

^^  llh  this  pur])ose  in  mind,  the  material  being  selected  should  undeif^o 
special  physiological  tests.  A  simple  method  of  evaluating  such  varieties 
should  he  the  selection  of  forms  which  show  the  highesMalios  between 
nnHMw.tlr  Hie  ocH.oinically  valuable  organs  (grain,  Inbers,  root  crops) 
in  e  n  1  possibilities  (that  is,  increase 

and  iminoved  methods  of  cultivation) 
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organisms  (chiefly  phyloplanklon)  is  great,  over  1‘5  times  the  mean  photo¬ 
synthetic  productivity  of  terrestrial  plants.  Unicellular  algae  of  phyto- 
planktoiii  of  the  oceans  and  seas  makes  up  80  per  cent  of  the  organic  sub¬ 
stances  produced  on  the  earth  in  the  process  of  photoswthesis. 

However,  the  productivity  of  the  seas  and  oceans  as  a  source  of  food 
products  for  man  is  substantially  below  that  of  the  crops  of  cultivated  plants 
on  land,  due  to  the  more  difficult  and  less  intensive  methods  of  fanning  the 
seas  and  oceans.  A  more  important  reason  lies  in  the  veiy  nature  of  the 
living  world  of  the  seas  and  oceans.  Thus,  the  algae  of  marine  phyto¬ 
plankton  multiply  and  die  and  partly  fall  to  the  bottom  where  they  are 
inaccessible  to  the  biological  cycle  as  lood  material,  liesides,  as  a  rule, 
man  hardly  utilizes  marine  plants  at  all  directly  either  as  food  for  himsell 
or  as  forage  for  domestic  animals.  'Hie  food  man  gets  from  water  is  fish 
and  other  animals,  the  overwhelming  majority  of  which  do  not  feed  on 
vegetable  food,  but  on  the  lower-organized  or  smaller  animals,  with  respect 
to  which  they  are  predators. 

Thus,  the  relations  between  marine  plants  and  man  are  in  the  lorm  of 
complex  and  multi-stage  food  chains,  in  each  link  of  which  there  occui 
big  and  irreversible  losses  of  organic  matter  in  the  formation  of  remains 
and  wastes  that  rapidly  fall  to  the  bottom  or  are  decomixised  by  micro¬ 
organisms.  Thus,  what'man  gets  is  an  insignificant  part  (a  hundredth  or 
so  part  of  one  per  cent)  of  what  marine  plants  create  in  the  jirocess  ot 

photosvmthesis. 

The  method  of  development  of  the  problem  under  discus.sion  should  be 
to  make  a  detailed  study  of  the  photosynthetic  productivity  ot  marine 
nlants  to  find  wavs  of  increasing  it,  to  study  and  control  the  food  chains 
in  water,  and,  finallv,  to  find  ways  and  means  of  simplifying  these  chains 
as  much  as  possible',  thus  making  them  highly  jiroductive  from  the  view¬ 
point  of  man’s  interests.  The  closest  to  this  ideal  is  pond 
cultivated  species  of  fish,  for  example,  carp,  are  grown,  and  wheie  ^ 
food  chains  are  relativelv  simple  and  the  photosynthetic  produHivit>  of 
the  phvtoplankton  is  maintained  at  a  high  level  by  using  leitilizcr.. 

Tl  is  difficult  as  yet  to  say  to  what  degree  this  work  wall  raise  the  photo- 

this  problem  it  is  woitli  nuniiunm^  hv  investigators  in  many 

unicellular  algae  now  being  Uv  of  inleresfaml  worll.y  «l 

countries  ^‘'''Howerel'  lhel  nm^Iere  as  an  auxiliary  luelliod 

carelul  stud>.  Howe\ti,  ine^  n  >  ^  ,  e  .1  following  reasons; 

of  solving  the  problem  ol  producing  terrestrial  jilants 


regislered  of  sugar  cane  and  sugar  l)eel  lor  lorage  lhal  are  close  to  this 
•figure,  d'lie  cullivalion  of  lerreslrial  [)lanls  is  siinj)ler  and  can  be  accom¬ 
plished  on  a  much  larger  scale  than  that  of  Chlorclla,  and  lerreslrial  plants 
are  ca})ahle  of  producing  more  nutrilious  loocl  materials. 

However,  in  certain  conditions  (for  examj)!e,  lack  ol  land,  the  possil)ililv 
of  building  reservoirs  for  cultivation  on  roof  toj)S  of  buildings),  and  especi¬ 
ally  in  desert  areas,  where  there  is  abundance  of  light,  it  will  l)e  possible  to 
obtain  considerable  (juantilies  of  organic  substance  (j)rimarily  as  forage 
for  animals)  even  under  condilions  of  limited  sui)ply  of  water  (if  its  cir¬ 
culation  is  in  closed  .systems). 

Thus  we  see  lhal  the  future  is  very  promising  and  lhal  man  has  at  his 
dispo.sal  inexhaustible  pos.sil)ililies  for  a  solution  of  the  })roblem  of  food 
resources  lhal  will  supply  him  with  high-(juality  food  j)roducls  for  an  in¬ 
definitely  long  period  of  lime.  The  realization  lhal  nature  oj)eiis  up  to  man 
j)ractically  boundless  possibilities  should  imbue  us  with  the  feeling  that 
the  food  problem  can  l>e  resolved  not  by  the  allem})t  of  some  to  utilize  the 
])reseiit  limited  resources  at  the  exj)ense  of  others  but  lyv  common,  friendly 
and  co-ordinated  efforts  to  wrest  from  nature  what  she  offers  man  in  suf¬ 
ficient  (juantilies. 


Printed  by  Sti'edoceske  tisikarny,  Praha 
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